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This dissertation carries out research dedicated to explore the impact of school quality on 
students’ subsequent labor market earnings in China. Three distinctive datasets involving both 
urban and rural areas of China are used in the dissertation to investigate this issue: the Chinese 
General Social Survey (CGSS), China Health and Nutrition Survey (CHNS), and the Chinese 
Household and Income Project (CHIP).  
The paper’s main empirical model follows Card and Krueger’s two-step framework for 
modeling the impact of school quality on the labor market.  In the first step, estimates of the rates 
of return to schooling are obtained for various provinces and cohorts in China, including 26 
provinces (for which data is available) and four birth cohorts (namely 1946-1955, 1956-1965, 
1966-1975, and 1976-1985). The second stage then uses these estimated rates of return to 
schooling as dependent variable, with two of the explanatory variables in the equation being 
variables that measure the level of school quality within each province back in time when the 
workers were of school-age, depending on the cohort to which they belong. The two measures of 
school quality utilized in the analysis are pupil/teacher ratio and expenditure per pupil.  
The results of the econometric analysis show great variation in rates of return to 
schooling among provinces and cohorts in China. Furthermore, the overall results show that, 
	   
while the impact of pupil/teacher ratios on rates of return to schooling is statistically insignificant, 
the results are positive and statistically significant for expenditure per pupil.  
The sign and statistical significance of the school quality effects on rates of return to 
schooling are not different for men and women. However, the magnitude of the impact of 
increased expenditure per pupil on the rate of return to schooling for women is much higher than 
for men, even after correcting for selection bias. This dissertation also carries out a reduced-form 
analysis that examines the effects of school quality directly on labor market earnings, the results 
of which confirm that increases in school quality raise the average earnings of students.
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A large body of literature now exists estimating rates of return to schooling in both 
industrialized and developing countries.1 Most of this literature examines how the quantity of 
schooling with which an individual is endowed, often measured by educational attainment, is 
connected to earnings or other labor market performance indicators. At the same time, empirical 
evidence of the role played by education quality measured by school resource input on labor 
market outcomes such as earnings is much more limited.2 
The seminal work by Card and Krueger (1992) established a link between school 
resources and subsequent labor market earnings. They examined how class size, teacher salaries, 
and length of the school year affected the rates of return to schooling in the United States, and 
concluded, “the magnitudes of the estimated school quality coefficients suggest a quantitatively 
important effect of school quality on the rate of return to education. For example…a decrease in 
the pupil-teacher ratio by 10 students is associated with a 0.9% increase in the return to years of 
schooling.” These results have been confirmed not only in other studies carried out by the same 
authors (Card and Krueger, 1996), but also in research studying the impact of various school 
input variables on labor market outcomes in the U.S. and other high-income countries.3 However, 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1See Psacharopoulos (1994, 2009) and Psacharopoulos and Patrinos (2004) for comprehensive surveys on 
the rate of return to education in a range of countries. 
 
2Measures of schooling inputs are often referred to as school quality in the relating literature. Such 
measures could include student/teacher ratio, expenditure per pupil, teacher salary, teacher qualification, education 
facilities, and so on. However, often in the economics literature for higher education, college quality could also be 





these positive results on the impact of school quality have also been contested by the works of 
others, which suggest a much more limited impact of school resources on earnings.4 
While the underlying reasons for the disparity of results on the impact of school quality 
on labor market earnings continue to be debated in the United States, the lack of appropriate data 
has hampered works devoted to school quality and its link to earnings in developing countries. 
Thus far, only a handful of studies have attempted to explore this relationship in a developing 
country context; none has done so for China.  
Against this backdrop, this dissertation carries out a research dedicated to explore the 
impact of workers’ past school quality on their labor market earnings in China. Three distinctive 
datasets involving both urban and rural areas of China are used in this dissertation to investigate 
this issue: the Chinese General Social Survey (CGSS), China Health and Nutrition Survey 
(CHNS), and the Chinese Household Income Project (CHIP). These datasets are not only fairly 
recent, thereby yielding up-to-date results, but they are also geographically representative of the 
vast nation, hence providing extensive information about individual socioeconomic backgrounds 
and labor market outcomes. Furthermore, these datasets report birthplace related information for 
the sampled individuals, with which, labor market performances of surveyed individuals can be 
matched with their birthplace school quality indicators obtained from earlier periods, when these 
individuals were of school age. This is indeed the strategy followed by Card and Krueger (1992), 
as well as most other related literature, and it is adopted in this dissertation. 
The following sections in this chapter provide some background information on the 
Chinese education sector, and on the issue of how school quality affects labor market 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3See, for example, Dearden et al. (2002), Dustmann et al. (2003), Eren (2009), and Sullivan et al. (2011). 
 




performances. These sections also outline the motivating factors for conducting this research, 
and the general approach adopted in the ensuing dissertation.  
A Descriptive Overview of the Chinese Education Sector 
The overall quality of the Chinese education system has been heavily influenced by the 
political turmoil occurring in the country since its founding in 1949, which involved massive 
socioeconomic experiments such as the Great Leap Forward in the late 1950s and the Cultural 
Revolution in the 1960s and 1970s. During those times, political ideology was far more 
emphasized than professional and technical competence. School admission, especially at the 
university level, was restricted to students who had been recommended by their labor unit as 
having good political credentials and distinguished manual labor records. These circumstances 
resulted a serious decline in the quality of higher education, which also trickled down to lower 
schooling levels.  
Also during the period of the late 1950s to the late 1970s, the government pre-determined 
worker wages, and wage differentials were only allowed based on seniority rather than on any 
real measure of productivity. Although the economy has seen major market reforms since the 
1980s, it is importantly to keep in mind that these reforms took place gradually over stages. 
Some of the old benchmarks needed time to change and the system on the whole required time to 
evolve, leaving many inefficiencies of the old system to linger for much longer.  
During the late 1990s and the early 2000s, the Chinese government repeatedly 
acknowledged the poor quality of the education sector, especially its inability to nurture top-class 
researchers. The government has since embarked on a road to establish world-class universities 
by largely increasing educational funding for elite national universities. Although funding at 




of economic development, their ratios to national GDP has stagnated. This is largely the result of 
the perceived high returns to physical capital accumulation, hence the government’s focus on 
capital-intensive investments. 
However, as the country prepares to reach more advanced stages of economic 
development, physical capital accumulation inevitably becomes more difficult. Therefore, 
sustainable growth and further poverty reduction increasingly hinges on human capital 
improvement and technological advancement, both of which are determined by China’s ability to 
educate an advanced labor force. Clearly recognizing this challenge, the Chinese leadership 
repeatedly vowed to increase education spending. As Figure 1 illustrates, education spending has 
been steadily increasing since the beginning of the 1970s. 
 
 
Figure 1. Education Spending in China (% of GDP) 
 
Source: UNESCO Institute for Statistics, China Statistical Yearbook, and China Education 















In 1993, the Guideline for Chinese Education Reform and Development recommended 
that government spending on education should increase to 4% of GDP by the end of the 20th 
century. However, by the end of 2010, education spending was still only 3.66% of GDP.  In 2010, 
the then newly published National Guideline for Medium and Long-Term Education Reform and 
Development (2010-2020) introduced measures to guarantee the fulfillment of the government’s 
education development targets. The Guideline proposes to “increase inputs in education, improve 
education input mechanisms, strengthen management over education funds, improve the student 
financial assistance system, and improve other education financial policies”. More importantly, 
the Guideline clearly stipulated that education spending had to meet the 4% target by the end of 
2012. Despite finally meeting the proposed target last year, education spending in China still lags 
behind most major economies in terms of its GDP percentage, and even the world average, as 
Figure 2 shows.  
In light of this comparison, the current consensus is that the 4% of GDP invested on 
education spending is merely a starting point. There is much more work to be done regarding 
future education spending projections, and an efficient allocation scheme. With this in mind, this 
dissertation seeks to contribute towards establishing how and why increased education spending 
could be used to stimulate economic growth. Specifically, it attempts to study the links between 
school quality, as determined by school resource inputs, measured in large part by available 
government funding (especially true when China runs a public education system), and the rates 
of return to schooling (and earnings directly) in China. If such a link is established in this 
dissertation, it will suggest that increased investments in schools indeed have a positive impact 





Figure 2. Education Spending (% of GDP), by Country, 2007 
 
Source: UNESCO Institute for Statistics	  
 
 
Although the methodologies devised in this dissertation do not specifically allow 
examinations of the quality-earnings link by stages of education development, especially during 
the period of Cultural Revolution, the first stage results from the main Card-Krueger two-step 
model (main model of this study to be detailed in later chapters) should present a range of 
estimates that can at least document the changing nature of the education system in China. In 
addition, it is useful to keep in mind the evolvement of the education system when analyzing and 
interpreting the estimation results. 
Research Motivation 
One of the heavily researched areas in the education field worldwide involves examining 












student academic achievement, such as SAT scores and graduation rates. The controversial 
Coleman Report (Coleman et al., 1966) that claims “money does not matter”, as it finds a weak 
association between the quality of schooling (in terms of school funding) and students’ 
achievement on standardized tests when holding other things (e.g. parents’ socioeconomic status) 
constant, sparked an enormous volume of research.5  
Based on these findings, some economists have widely argued that increased public 
school funding intended to raise school quality may, in fact, have very limited impact on student 
achievement, unless accompanied by major changes in the student’s home or family environment. 
However, some researchers have questioned the validity of using test scores as the final outcome 
variable when evaluating the effectiveness of increasing public school resources. They argue that 
even if greater school resources are not correlated with immediate higher student achievement in 
school, as measured by test scores, the impact of those resources may show up later, perhaps 
through greater productivity in the labor market. 
Indeed, in the standard economic model of schooling, education is considered to be an 
investment. This implies that resources are spent while a student is in school in anticipation of 
what that student will earn later in life. This schooling model, therefore, lends itself to using 
subsequent labor market outcomes, such as wages, as the proper measure of the outcome of 
education. In this sense, test scores can best be treated as an intermediate outcome variable, 
hence, an imperfect measure of the impact of school quality or school resources on an 
individual’s long-term welfare. Furthermore, additional investments in school quality are only 
worthwhile if they have a measurable impact on earnings, irrespective of their effects on 
standardized test scores.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  




Unfortunately, to study the impact of school resources on students’ future earnings, 
researchers often need to track students from their schooling years to their working careers in the 
form of a longitudinal dataset. Alternatively, they must have access to datasets that report both 
the current earnings and completed education levels of the sampled individuals, and datasets that 
provide information on the resources available at the schools they attended in the past. In other 
words, studies of the impact of school quality must combine data on individuals labor market 
earnings with data of the quality of the schools they attended in the past. Because of the 
difficulty in obtaining dataset linking school inputs and earnings, the overwhelming literature on 
school quality is dominated by how school resources affect student achievement in terms of 
standardized test scores. On the other hand, the few studies that have examined the impact of 
school quality on earnings for developed countries (mainly the United States) have supplied 
mixed results.  
The best-known paper establishing a link between school resources and subsequent labor 
market performance, as measured by earnings, is co-authored by David Card and Alan Krueger 
(1992). It examines how class size (pupil per teacher ratio), relative teacher salaries, and the 
length of the school year affect the rates of return to schooling in the United States. As noted 
earlier, their study reports strong effects of school quality on students’ subsequent earnings. 
Although their results have been reproduced in various contexts, other researchers have provided 
a number of criticisms or have found more nuanced effects.6  
The debate is still very much ongoing, and several key issues need to be resolved before 
an agreement on the impact of school quality on earnings can be reached. First, economists 
disagree over the impact of the level of aggregation by which school resources are measured. 
Some researchers argue that estimates based on state- or city-level data tend to find positive 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  




effects of school quality since aggregation leads to an upward-biased estimate, whereas estimates 
based on district- or school-level data tend to find insignificant effects, which could be equally 
caused by attenuation bias resulting from measurement errors. Second, there could be an age 
effect, meaning the full impacts of school quality on earnings are only revealed when individuals 
become older and more settled in their professional careers. Third, there could be a selection 
problem in that more motivated and talented students may choose more schooling in response to 
the increased payoff to each additional year of schooling caused by improved school quality. 
Lastly, as majority of economics of education literature demonstrates, omitted variable bias (such 
as that caused by unmeasured ability) can often lead to an upward bias in the estimated 
coefficient on quality.  
As mentioned earlier, while the results are mixed in the context of the United States, lack 
of adequate data hampered works devoted to the study of the quality-earnings link in developing 
countries, indeed China. It is the objective of this dissertation to fill this void by conducting a 
research in order to explore the impact of school quality on students’ subsequent labor market 
earnings in China.  
The issue of improving school quality is an important one for China. As noted before, the 
country’s educational expenditures have been below average when compared to developed 
countries like the United States, or even its peer East Asian countries such as South Korea. In 
2006, for example, China’s education expenditure was 3% of its GDP, much lower when 
compared to 5.7% for the U.S. and 4.2% for South Korea.7 Despite its relatively low spending on 
human capital, China has been the fastest growing economy in the world for the past 30 years. 
That development, therefore, has been largely dependent on physical capital investment. 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7The figure for China is obtained from The Statistical Yearbook of China 2007, while the figures for the 




Heckman (2003), who has done extensive research on this issue, argues that China spends too 
much on physical capital accumulation and too little on human capital, a decision caused by a 
perceived higher return to physical capital than to human capital.  
As the Chinese government fulfilled their promise of increasing education expenditure to 
4% of GDP at the end of last year (2012), it is next of great importance to determine the most 
efficient way in allocating the increased funding, especially when the Chinese government, 
unlike the United States, has considerable flexibility in deciding resource allocation in the 
predominantly public education sector.  
Therefore, at this critical juncture, it is imperative to understand and then correctly 
evaluate the underlying mechanisms through which increases in school resources can help raise 
labor market productivity in China. The results of this dissertation thus have important 
implications for this policy issue. Positive results for the school quality-earnings link, if obtained, 
would provide valuable assistance to those who argue for additional education funding, and 
indeed to those who advocate for higher resources to be made available to schools as the best 
way to improve and/or increase human capital for sustained economic growth and development.  
This dissertation is further motivated by the fact that the literature so far available on the 
links between school quality and earnings has focused largely on the United States. The present 
research seeks to contribute to this body of literature by presenting evidence from the world’s 
second largest economy. Three distinctive datasets in both urban and rural areas of China are 
used to investigate this problem. The datasets not only contain valuable information about 
individual socioeconomic backgrounds, by which one could control for selection problems, but 
they also report birth provinces for sampled individuals, which could be used to match individual 




ultimate goal of this dissertation is then to determine whether economic rates of return to 
schooling, and/or earnings in China are indeed affected by school quality variables facing the 
workers earlier in their lives, when they were still in school. 
The remainder of this dissertation is organized as follows. In Chapter II, the literature on 
returns to schooling is first reviewed, followed by a review of the literature on the impact of 
school quality on students’ subsequent labor market success. In Chapter III, key research 
questions are identified and analytical frameworks are described. In Chapter IV, the empirical 
methodologies are presented, along with a discussion of the econometric difficulties and their 
possible cures. In Chapter V, the various data sources are presented, both for the school quality 
data and the three earnings’ data. Chapter VI then presents the analysis of data with respect to 
each specification devised in the methodology chapter. The main econometric and theoretical 
problems encountered in the analysis are addressed with various correction strategies. Finally, 
Chapter VII summarizes the key findings from this research, discusses its limitations and policy 
implications, and suggests areas for future research. References and appendices are provided at 








The empirical economics literature has focused on two main questions concerning 
education and earnings. The first, and most widely studied, concerns the interpretation of the 
correlation between years of schooling (quantity of schooling) and future earnings. The second, 
and less widely studied, concerns how factors linked to quality of schooling, e.g., school 
spending, affect the relationship between education and earnings. Although this dissertation 
focuses on the latter question, it is nevertheless helpful to start the discussion by briefly 
reviewing the literature on returns to educational attainment in China. 
Returns to Educational Attainment 
As pointed out in Chapter I, there is now a wide array of studies for many countries 
showing how an increase in educational attainment has a positive effect on future earnings. 
Estimated returns for an additional year of schooling in developing countries are generally larger 
than in developed countries. Just as in developed countries, the estimates in developing countries 
also vary by gender, area of residence (urban vs. rural), ethnicity, and marriage status. In addition, 
studies carried out over past decades have documented a rising trend in rates of return to 
schooling, corresponding to the pace of development experienced by the developing world. 
However, this had not been the case for China, the world’s largest and fastest-growing 




It is not until the 1980s did researchers start to replicate for China studies on human 
capital that had been conducted for decades in the U.S. and other countries. Studies estimating 
rates of return to schooling in urban China using Mincer-type earnings equations generally find 
that returns to schooling remained very low (below 5%) by international standards well into 
Deng Xiaoping’s Opening Up reform period.1 Many argue that the low estimates obtained are 
due to the rigid wage system, and the fact the reform was gradual and took time to permeate. 
Furthermore, as Korzec (1992) points out, limited data in China, especially in the early 1980s, 
precluded a more quantitative approach in estimating human capital theories, with most early 
studies being descriptive in nature. 
The earliest empirical studies on the rate of return to schooling in China, including Byron 
and Manaloto (1990) and Jamison and Van Der Gaag (1987), use the standard Mincer-type 
earnings equation with a sex dummy to account for gender differences, and find the return to 
each additional year of schooling is between 4 to 5% for both male and female groups.2 Then, 
Meng and Kidd (1997), using separate wage equations for the year 1981 and 1987, find even 
lower rates of return to schooling: 2.5% in 1981 and 2.7% in 1987. Some indigenous Chinese 
researchers, such as Li and Li (1994) study rates of return to schooling in China in the 1980s, 
also reports extremely low estimates: 3.8% for urban workers and 2% for rural workers. 
The late 1980s, however, marked the emergence of some large household datasets, such 
as the Chinese Household Income Project (CHIP), which became the most widely used 
household dataset for estimating rates of return to investment in education in China in 
subsequent years. Despite this increase in scope, researchers such as Maurer-Fazio (1999), 
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Johnson and Chow (1997), and Liu (1998), who use the first wave of CHIP data from 1988, 
continue to find low rates of return to schooling in China. 
Apart from the early body of literature, which focuses on urban areas that finds low 
estimates of rates of return to schooling, several early studies even report zero or negative rates 
of return to schooling in the 1980s in rural China. For example, one study conducted by Gregory 
and Meng (1995) in rural areas of China conclude that education has no significant effect on 
earnings. However, one notable study, Wei and Tsang (2000), using 1991 rural data, report a 
much more positive rates of return to schooling in rural areas, at 4.8%. In their study, the authors 
take the direct private cost of schooling into account in an elaborated method,3 and estimate rates 
of return to schooling to be 9% for primary education and 11.2% for lower secondary education. 
These are much higher estimates than prior literature indicated, and are more comparable to 
other nations.  
From the mid-1990s on, as economic reforms began to show greater effects, a number of 
studies started to document steady increases in rates of return to schooling in China; some 
reported estimates that are much more comparable to other countries (ranging from 7% to 15%). 
In their attempts to obtain statistically sound estimates, many recent studies tried to replicate 
more advanced econometric techniques, which were used for other countries. This process was 
aided by the advent of more up-to-date and geographically expansive datasets.  
Although not primarily focused on estimating rates of return to schooling, Gustafsson and 
Li (2000) make use of the second wave of CHIP data collected in 1995 and compare its results 
with those obtained from the earlier sample. The study reports that the rates of return to four-year 
college alone have risen from 8.9% and 10.2% in 1988 to 15.5% and 20.8% in 1995 for male and 
female respectively. Using a similar specification, but in a combined sample, Knight and Song 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  




(2003) find that rate of return to college (in relation to primary school), rises from 15.1% in 1988 
to 40.1% in 1995.  
With newly available datasets, economists seemed able to finally document the gradual 
shift from a planned economy to a more market-oriented economy in China, and the effects of 
reform on wage settings in the labor market. While still low, rates of return to schooling seemed 
to be on the rise as market economic reforms gathered speed in the 1990s. A question still 
remained, however, about the overall soundness of econometric techniques employed in the 
earlier studies, and the accuracy of estimates derived from the basic Mincer model. A number of 
more recent studies attempted to correct for the main econometric problems associated with the 
standard Mincerian approach, such as those caused by omitted variables, self-selection, and 
measurement errors.  
The remainder of this section is then devoted to literature that devised techniques coping 
with these econometric problems. First, to deal with omitted ability bias, economists commonly 
use the instrumental variables (IV) estimation or the control variable approach. Chen and Hamori 
(2009) calculate rates of return to schooling in urban China using Ordinary Least Squares (OLS) 
and IV methodologies, with spouse education serving as an instrument for the omitted ability. 
The study by Li and Luo (2004) applies various IVs, specifically a sibling variable justified by 
the family preference for boys in traditional Chinese culture, to estimate rates of return to 
schooling for young workers in urban China. It finds the rates of return to schooling are 15% for 
the overall sample of young workers, and 16.9% for women, both of which are considerably 
higher than those obtained from the simple OLS estimation. Heckman and Li (2004) employ 




education in China for the year 2000. Their study shows that the overall rate of return to college 
is 43%, or 11% annually for urban young workers.  
Some economists who gained access to twin datasets implemented a fixed-effect method 
in their effort to correct for omitted variable bias. The key idea of a twin study is that twins 
should be similar in family backgrounds and genetic ability. Li et al. (2005) designed a Chinese 
Twin Survey, and by using cross-reported education levels to instrument self-reported education 
levels, the researchers find the rate of return to schooling to be 2.7% in 2000, which is 
significantly lower than their OLS estimate of 8.4%. In addition, Zhang et al. (2006) investigate 
rates of return to schooling in China for the Cultural Revolution (CR) cohort and the non-CR 
cohort using another set of Chinese twins data. Applying the fixed-effect model, their results 
suggest that the Cultural Revolution might not have had a significantly adverse effect on rates of 
return to schooling. This finding, however, contradicts the findings from Meng and Gregory 
(2002) and Giles et al. (2004), who also try in their study to examine whether the rate of return to 
schooling is smaller for the CR cohort than the non-CR cohort. 
A second source of bias when estimating rates of return to schooling could arise from 
sample selection issues. Bias arises when the sample is selected in a way that does not represent 
the whole population, thereby producing a biased estimation of the rate of return to schooling. 
Normally, a Heckman two-stage correction procedure is used to correct for sample selection bias. 
For example, Chen and Hamori (2009) employ the Heckman correction method to correct for 
self-selection in the women sample, since working women might have self-selected into the 
sample based on unobserved characteristics. In another study, Heckman and Li (2004) note that 
if people base their schooling choices on unobserved heterogeneity, both OLS and IV estimates 




treatment effect of 10.8% for each year of college attendance, which is higher than their OLS 
estimate of 7.25%, but lower than the IV estimate of 14%.  
As briefly mentioned, Giles et al. (2004) attempt to estimate the rates of return to 
schooling in urban China using the Heckman correction method. They employ Cultural 
Revolution as an exogenous shock that could have adversely impacted schooling behavior of 
sampled individuals to achieve identification, and conclude that the rate of return to schooling in 
urban China is 7.6% in 2001, which is lower than the 8.3% estimated using simple OLS. 
The third and last kind of common bias involved in estimating rates of return to schooling 
is attenuation bias, which is commonly associated with measurement errors. Measurement errors 
in schooling usually lead to downward OLS estimations of the effect of schooling on earnings. In 
the literature on rates of return to schooling in China, it is common to estimate an individual’s 
years of schooling based on the degree completed, when years of schooling are not reported 
directly. The schooling measure obtained this way could be inaccurate since the number of years 
spent pursuing the same degree may differ among individuals from different regions and/or born 
at different times. Hence, it is desirable to assess the measurement error involved in this case. 
However, some studies, such as that of Li and Luo (2004), suggest that the IV estimation, when 
adopted correctly, should correct for both the attenuation bias and the omitted ability bias, 
because the instrument of parental education, which is commonly used, should not be correlated 
with the possible measurement error associated with an individual’s schooling level.  
In sum, studies reviewed above documented overall an increasing trend for rates of return 
to schooling in China over the past 30 years. However, these studies fail to examine which 
factors influence rates of return to schooling; and more specifically, very little has been done to 




therefore, rates of return to schooling. The seminal work of Card and Krueger (1992) showed for 
the U.S. how school resources, such as teacher characteristics, class size, and term length might 
influence rates of return to schooling decades later. Therefore, how school quality, as measured 
by school resources, affects rates of return to schooling is the main area of interest that is 
explored in this dissertation. 
The role played by school quality on labor market earnings is not a purely research issue, 
but it has important policy implications. The key idea to this research concerns the productivity 
of public investments in education, or more specifically, in improving school quality, such as 
raising teacher qualification, teacher salary, and increasing resources for education facilities. In 
addition, the presence of positive externalities provided by increased/improved education on the 
economy and society justifies the argument for public investments in education.4  
However, although public intervention might be justified by the argument for 
externalities, the effectiveness of such an intervention still needs to be evaluated. First, causality 
has to be established between quality of schooling and labor market productivity, and the 
estimates of school quality must be high enough to warrant public investment. Then, evaluations 
have to be conducted on the magnitude of such an intervention. Since neither step has been 
performed in the context of China, this dissertation seeks to provide some answers to these 
important questions. 
School Quality and Earnings 
Most of the literature looking at the effects of school quality has been conducted in the 
United States; and it gathered momentum with the publication of the Coleman Report (Coleman 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  





et al. 1966). The controversial finding of this report is that school quality, as measured by 
education resources is weakly linked to student achievement in terms of standardized test scores 
after controlling for family background and school composition characteristics. However, as 
previously mentioned, economists argue that labor market performance indicators, such as 
earnings, should be used as the final outcome variable instead of test scores, when measuring the 
impact of school quality.5 
A series of early studies that focus on the long-term effect of education expenditure on 
students’ labor market performance reveal significant causal impact of school quality on earnings. 
These studies include Welch (1966), Morgan and Sirageldin (1968), Johnson and Stafford (1973), 
Wachtel (1976), and Rizzuto and Wachtel (1980). It is important to note, however, that majority 
of the studies that manage to find significant results utilize aggregate datasets for school quality 
measures; and some, such as Hanushek, Rivkin, and Taylor (1996), have argued that using 
aggregate quality measures may result an upward bias to the estimated school quality effects. 
Early studies such as Ribich and Murphy (1975) that measure school resources at the 
disaggregated school level report an insignificant relationship between school quality and 
earnings. 
It is with the controversy of the Coleman Report and early mixed findings on the impact 
of school quality on earnings in the background, Card and Krueger (1992) conducted their 
influential research on this topic. They estimate the effects of pupil/teacher ratios, teachers’ 
salaries, and average term length at the state level on the rate of return to schooling for 
individuals born from 1920 to 1950, whose wages are observed in the 1980 census. They obtain 
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their data by matching the census data from 1980 to education quality indicators between 1920 
and 1950 for each state.  
As their data lack family background information, the researchers try to incorporate state 
of birth effects in their model to control for possible differences in average earnings between 
states. In addition, they include in their model a set of state of residence effects to eliminate 
supply and demand side effects that might have affected rates of return to schooling in different 
states. Finally, by having a time-variant component achieved through constructing consecutive 
cohorts, the author are able to incorporate these state-specific effects in the return to education 
(by building interaction terms of state of residence/birth dummies with the years of education 
variable), and hence use only the variation within each state but among different cohorts as the 
identification strategy for school quality effects. Their results show that pupil/teacher ratio and 
teacher salary are very important determinants for rate of return to schooling, as the estimates are 
very significant, both statistically and in magnitude.  
However, As previously mentioned, Hanushek et al. (1996) suggest that the level at 
which school quality measures are aggregated could affect estimation results; and they claim the 
use of aggregated data could have caused upward biases to the estimated school quality effects. 
In addition, Heckman, et al. (1996) replicate Card and Krueger’s (1992) results with 1970, 1980, 
and 1990 censuses, and argue that the school quality effects found by Card and Krueger (1992) 
might only apply to certain schooling levels. By employing a non-linear model that accounts for 
variation of rates of return to schooling at different education levels, they find weak school 
quality effects for individuals with exactly 12 years of schooling, and strong quality effects only 




Furthermore, based on studies that use aggregate state-level averages for school quality 
measures, Betts (1996a) finds the internal rates of return to additional expenditure per pupil and 
reducing pupil/teacher ratio to be 2.55% and 2.35% respectively, which are much lower than the 
rates of return to an additional year of schooling commonly found in related literature. The 
author also notes that, based on a review of related literature, studies measuring school resources 
at the state level, and utilizing data of individuals aged 30 or above who attended school before 
1960 usually find significant school quality effect. By contrast, majority of the studies that 
measure school quality/inputs at the school or district level, and use earnings data from younger 
individuals who went to school after 1960 tend to find little effect of school quality on earnings. 
Therefore, it could be argued that the interpretation of the patterns found in the literature 
may lie in age dependence, which means the effects of school quality on earnings may take 
longer to fully manifest, when individuals get more settled into the workforce. However, in two 
other studies, Betts (1995, 1996b) uses both school- and state-level data to suggest that no 
evidence of age dependence in fact exists.  
Other possible explanations for different effects found between aggregated and 
disaggregated studies may be based on econometric explanations. Some researchers suggest that 
school-level quality data may be prone to measurement errors, which could cause attenuation 
bias to the estimated quality coefficients. However, in their respective research, Betts (1995) and 
Grogger (1996) both find measurement errors are not cause for concern in school-level studies. 
Furthermore, these conflicting results might have been caused by the omission of family 
background variables and individual abilities, which are often important determinants for student 
achievement and later labor market performances. If the estimation procedure fails to take into 




school quality effect on earnings. The lack of studies in the school quality literature that 
addresses the omitted variable problem again is due largely to the shortage of suitable data 
containing family background information as well as school quality data. One of the reasons the 
Coleman Report suggests a weak relationship between school resources and pupil achievement 
in school is that after explicitly controlling for individual socioeconomic background variables, 
the report finds these variables are much more important in determining student achievement in 
school than some school quality measures. 
In the quality and earnings literature, to address the problem, Altonji and Dunn (1996a) 
and Behrman et al. (1996) use sibling and twins data, respectively, to control for omitted family 
background variables. Since unobserved family background and innate abilities could essentially 
be similar for twins or siblings, the difference in earnings for the same twin/sibling pair could be 
attributed to the difference in school quality given other necessary covariates. After controlling 
for sibling-fixed effects, Altonji and Dunn (1996a) find the impact of school quality on earnings 
increases from simple OLS estimates, whereas Behrman et al. (1996) find that college quality 
effects on earnings decrease from their original estimates after twin-fixed effects are accounted 
for. 
Most of the studies listed so far have been looking at the impact of school quality on 
earnings for the general U.S. population. In addition, there are studies such as Bratsberg and 
Terrell (2002) and Betts and Lofstrom (2000) that try to explore if differences in average school 
quality in the home countries of immigrants plays any role in determining their labor market 
productivity in the U.S. Bratsberg and Terrell (2002) find that higher school resources would 




of those found by the studies that use state of birth in the United States as the unit of analysis for 
school quality.  
Betts and Lofstrom (2000), when examining the impact of school quality in the home 
countries of immigrants on their labor market earnings in the U.S., find that school quality, as 
measured by pupil/teacher ratio has a significant impact on immigrants’ earnings. However, this 
result only applies to immigrants with at least some schooling at the post-secondary level before 
coming to the U.S. As previously outlined, this finding is similar to what Heckman et al. (1996) 
find using school resources averaged at state level for people who were born in the U.S. 
Heckman et al. (1996) also state that school quality is related to earnings only for individuals 
who at least went to school at the post-secondary level. Overall, these two studies looking at the 
link between school quality and earnings for immigrants suggest that school resources available 
in other countries exert a significant effect on earnings of immigrants in the U.S. However, so far, 
it can be shown that this positive effect of school quality on earning for immigrants applies only 
to those with post-secondary education in their home countries prior to entering the U.S.  
While the mixed findings and their underlying reasons for school quality effects on 
earnings continue to be debated in the U.S., the few discussions that have been conducted on this 
topic in developing countries have also been hampered largely by a lack of appropriate data. To 
date, only a handful of studies have explored the relationship between school quality and 
earnings in a developing-country context.  
Historically, developing countries have focused their effort to enhance education access 
and attainment. Similar to other studies looking at the U.S. population, studies by Behrman and 
Birdsall (1983) and Case and Yogo (1999) suggest that returns to education investments are also 




used). In addition, there is a wide perception that improvement in school quality can help raise 
education attainment. For these reasons, researchers have attempted to identify which school 
quality input (especially when measured by class size, or pupil/teacher ratio, which can be easily 
used as a policy instrument) can most effectively raise student achievement, both in school and 
in the labor market. Based on literatures reviewed above, mainly for the U.S., the effect of school 
resource inputs on labor market earnings has been rather inconclusive. The body of literature that 
is reviewed next shows that the relationship between school quality and earnings is also an 
important and controversial topic for developing countries. 
Behrman and Birdsall (1983), based on which Card and Krueger (1992) derived their 
main model, examine the impact of teacher education at the state level on rates of return to 
schooling and earnings in Brazil. They find that the inclusion of school quality in terms of 
teacher education dramatically reduces the estimates for rates of return to years of schooling. 
They further claim that increase in school quality significantly increases earnings through its 
impact on the rate of return to schooling.  
Also in Latin America, although not using school inputs as measures of school quality, 
Psacharopoulos and Velez (1993) use grade repetition, test scores, and university prestige ratings 
as proxies for school quality at the higher education level in Bogota, Colombia to study the effect 
of school quality on earnings. Their study concludes that while grade repetition fails to impact 
earnings, test scores and university prestige ratings have positive impacts on labor market 
outcomes.  
Using a two-stage estimation procedure similar to that employed by Card and Krueger 
(1992) and Heckman et al. (1996), Case and Yogo (1999) find that school quality in the 




men in South Africa. A decrease of five students per teacher would, on average, be associated 
with a 1% increase in the rate of return to schooling. Their estimates are about twice as large as 
those estimated by Card and Krueger (1992) for the U.S. population. In addition, this study 
allows log income to be non-linear in years of completed schooling in their model, following 
Heckman et al. (1996). 
Also in a developing country context, Bedi and Edwards (2002), using municipal-level 
school quality data from Honduras, find that school quality has a significant effect on labor 
market earnings. They conclude, “men educated in counties with better quality schools enjoyed 
significantly higher earnings than those educated in counties with lower quality schools.” In 
majority of their specifications, the impacts of various school quality measures are statistically 
significant at least at the 10% level.  
As was pointed out in Chapter I, to study the connections between school resources and 
economic outcomes, researchers must have access to datasets that report both the current 
earnings and the completed education levels of adults as well as information on the resources 
available at the schools they might have attended in their past. For this reason, the handful of 
studies, which look at the effect of education quality in China have only focused on its effect on 
students’ academic achievement instead of their long-term labor market performances. 
For example, Lai et al. (2007) examine how school quality and teacher qualifications 
affected student academic performance, by constructing an identification strategy that involves a 
random assignment of students to different middle schools in Beijing. Their results show that 
school quality has a significant impact on High School Entrance Exam scores. More specifically, 
their study indicates that promoting 10% of the teachers to a higher rank would increase the 




experience, measured by the number of teaching years, correlates negatively with test scores. 
Finally, they find teacher quality matters more to students with lower academic achievement or 
weaker socioeconomic background. 
In summary, the various and sometimes conflicting estimates of the impact of school 
quality on earnings could be attributed to the studies using different datasets and functional 
forms. In addition, different indices have been used to proxy for school quality, for example, 
pupil/teacher ratio versus education expenditure; and different earning measures have been 
employed, such as hourly wage versus annual income. Furthermore, the functional forms derived 
with different assumptions ensure estimations of a variety of quality-earnings relationship, the 
results of which are sometimes non-comparable. Therefore, by drawing on expansive and 
informative datasets, this dissertation will seek to adopt four different estimation specifications 
derived from the literature to evaluate the link between school quality and earnings. The same set 
of models is applied to each one of three earnings datasets. This way, the quality impact on 
earnings could be compared across datasets, and the robustness of estimates can also be tested 










Key Research Questions 
The purpose of this dissertation is to understand the interaction among school quality, 
education attainment, and later earnings in China. Relying on Human Capital Theory and 
adopting the Card and Krueger (1992) method, a two-stage variant of the Mincer model, this 
study attempts to address the following key research questions: 
1. Do rates of return to schooling in China differ significantly among provinces? 
2. Do they differ among age cohorts? 
3. If so, can inter-cohort and province differentials in rates of return to schooling be 
explained by differences in school quality received by workers when they were in 
school in the past? 
4. Does education quality have a more direct effect on earnings, rather than acting 
through its impact on rates of return to schooling? 
5. Does school quality affect educational attainment? 
6. Do these effects differ among male and female groups? 
Analytical Framework 
Several models of earnings determination have been proposed in the existing economics 




Mincer (1974) and Becker (1975). The Mincer model, which is used to understand an 
individual’s schooling choices in terms of his or her expected future income streams, is the 
cornerstone of labor economics. In the simplest form, the semi-log Mincer function assumes that 
human capital stock remains constant post graduation, and the work span after individual left 
school is fixed at N years, and hence is independent of years of schooling S. 
 
	  
Figure 3. Simple Mincer Model 
 
 
Therefore, an individual decides to pursue a level of schooling, which is associated with 
its expected income stream. For example, in Figure 3, income stream Ys is associated with S 
years of schooling, while income stream Y0 is associated with no schooling at all. The private 
cost of obtaining S years of schooling is the delay in receiving Ys, and in equilibrium, the S years 











Loosely following Behrman and Birdsall (1983), the Mincer equation can be derived in 
the following way. If V denotes the present discounted value of any given income stream, then in 
equilibrium, Vs and V0 associated with S and 0 years of schooling respectively are equal, 
assuming no risk aversion. Hence, the Semi-log Mincer equation can be derived as: 
!!!! = 1 and  !!!! = !! !!!"!!!!!! !!!"!! !"!" , hence 1 = !!!!!"(!!!!!")/!!!(!!!!!")/! = !!!!!"!! .  
Then the familiar semi-log functional form can be derived from rearranging and taking logs of 
the above function: 𝑙𝑛𝑌! = 𝑙𝑛𝑌! + 𝑟𝑆 .                                                                                                          (3.1) 
Equation (3.1) is the Mincer equation in its simplest form. However, the standard Mincer model 
normally includes experience E and its quadratic form E2 as additional explanatory variables, 
along with a stochastic error term U. Therefore, (3.1) can be rewritten as: 𝑙𝑛𝑌! = 𝑙𝑛𝑌! + 𝑟𝑆 + 𝛽!𝐸 + 𝛽!𝐸! + 𝑈.                                                                           (3.2) 
If the errors (represented by the term U) are uncorrelated, and have an expectation of zero 
and equal variance (homoscedastic), then the OLS estimate of r, the rate of return to schooling, is 
BLUE (best linear unbiased estimator). The constant, which is represented by lnY0, is also the 
best linear unbiased estimator for log of earnings for individuals with zero year of schooling and 
no experience. 
Since the present study focuses on how school quality plays a role on earnings, the next 
step is to explore how school quality fits into the earnings-schooling relationship derived above. 
In the limited body of literature that studies the link between school quality and labor market 
earnings, quality is typically measured by a number of school input variables, such as 
pupil/teacher ratio, education expenditure per pupil, and teacher characteristics among others. 




The first assumption made in the present study, which utilizes provincial averages in 
level of school inputs as quality indicators, is that school quality varies across geographical areas. 
Of course, it would not be possible to empirically identify a school quality effect if schooling 
inputs are constant across provinces. A simple test of the assumption that there is significant 
variation in school quality across provinces is performed by looking at some of the raw data on 
provincial level quality indicators in China. For example, for Beijing, the cohort of 1976-1985 
students has on average one teacher per 18 students, whereas Inner Mongolia and Guangxi 
(poorer and less densely populated) have pupil/teacher ratios of 16.4 and 27.7 respectively. The 
comparison between provinces for education expenditure per pupil is even starker, with the 
metropolis of Shanghai spending almost 1000 RMB per primary school student for the 1976-
1985 cohort, almost 8 times the per-pupil expenditure in Henan, one of the most populated 
provinces in China. There are also substantial changes in school inputs over time. For example, 
for Beijing, the 1946-1955 cohort of students has one teacher for almost 35 students in primary 
school, while the most recent cohort of 1976-1985 has one teacher for only about 18 students; 
the pupil/teacher ratio is almost halved in the 40-year span. 
The second assumption made is that individuals do not move across provincial borders in 
response to school quality differentials (although they could migrate after school in response to 
income differentials among provinces). If families move across provincial borders in response to 
school quality, then the quality of schooling received by individuals is an endogenous variable. 
But in order to carry out the empirical analysis, to be developed in detail below, one needs to 
assume that individual students are treated exogenously with different levels of school quality, 
which then generate various labor market effects later in the life of the student. In the case of the 




entire family to another area where education quality could be higher is likely to be too high for 
most Chinese families to afford; this is especially true for lower level of education because it is 
just too costly to send small children to another province in pursuit of better education. This 
assumption, however, could break down when dealing with higher level of education, where only 
individual students rather than entire families are required to relocate. Since this study examines 
the impact of primary school quality, not higher education, on rates of return to schooling, the 
second assumption is likely to be satisfied. 
A third assumption is that school quality is determined by public resource allocation to 
education out of the overall government budget. This assumption implies that school quality in a 
particular province is not directly related to the tax burden of any given household in that 
province. Obviously, this assumption is more valid for public schools than for private schools, 
and when the greater proportion of education financing comes from central than local revenues. 
In the case of China, most schools are financed jointly through central, provincial, and municipal 
(or even lower administrative divisions) revenues. However, prior to an education finance reform 
in the 1990s, central government budget was the main source of revenue for most schools. In 
addition, government policies prohibit substantial differences among different provinces in their 
methods of generating their own sources of revenues, especially from the private sectors. 
Therefore, tax policies of local governments have very limited impact on education resources. 
Furthermore, it is important to note that in China, private schools are yet to play an important 
role in the education system, especially before the 2000s. 
Given these assumptions, this study now returns to the Mincer model and explores how 
the addition of school quality plays a role in the simple earnings-schooling relationship. Figure 4 






Figure 4. Modified Mincer Model (including a quality effect) 
 
 
Figure 4 indicates that income streams are now conditional on the level of quality; 
specifically, income stream Ys for receiving S years of schooling is now dependent upon the level 
of quality that these S years of schooling can offer. If the quality is at a level of Q1, then the 
income stream is perceived to be YsQ1; if the quality level is Q2 (Q2>Q1), then a higher quality of 
schooling also raises the income stream from YsQ1 to YsQ2. Therefore, it can be deduced that the 
private rate of return to a given period of schooling (in this case, S) is conditional on the level of 
school quality, with a higher rate of return for the higher quality of schooling received. 
As previously posited, in equilibrium, individuals will try to invest in schooling until 
their expected rate of return equals the discount rate, given diminishing marginal returns to 












correlated with the exogenous school quality level; thus, the equilibrium condition implies that 
an individual who resides in a province with higher school quality will invest in more years of 
schooling than another individual with similar traits yet resides in a province with schools of 
lower quality. In other words, the Mincer model needs to accommodate a positive association 
between school quality and quantity of schooling. 
If the rate of return to schooling r is conditional on a function of the level of school 
quality Q, then the basic Mincer equation (3.2), as established above, is modified as follows: 𝑙𝑛𝑌!" = 𝑙𝑛𝑌!! + 𝑟(𝑄)𝑆 + 𝛽!𝐸 + 𝛽!𝐸! + 𝜀,                                                                 (3.3)  
where r is a function of Q, and 𝜀 is the new error term. 
Since at this stage the function form of r(Q) is unknown, a quadratic approximation is 
employed, where 𝑟 𝑄 = 𝑟! + 𝑟!𝑄 + 𝑟!𝑄!.                                                                                              (3.4) 
Assuming quality exhibits diminishing returns for any given year of schooling, then r1 should be 
positive and r2 should be negative. Substituting (3.4) into (3.3), then: 𝑙𝑛𝑌!" = 𝑙𝑛𝑌!! + (𝑟! + 𝑟!𝑄 + 𝑟!𝑄!)𝑆 + 𝛽!𝐸 + 𝛽!𝐸! + 𝜀,                                           (3.5) 
Specification (3.5) is the preferred specification for the ensuing empirical analysis in this 
dissertation, except that a two-step variant of this version is used, following Card and Krueger 
(1992), by first calculating the rate of return to schooling rp,c(Q) for each Chinese province in 
several cohort periods, then relating these estimates to the quality indicators in a second stage 
regression, where  𝑟 𝑄 = 𝑟! + 𝑟!𝑄 + 𝑟!𝑄!. If the same properties hold for the error term 𝜀, 
namely uncorrelated and equal variance, then the quality estimates are BLUE as well. 
This two-step approach is advantageous because it implies that school quality does not 




schooling, there is no school quality effect on earnings, which is a very plausible proposition. 
However, as outlined by Behrman and Birdsall (1983) and Bedi and Edwards (2002), other 
studies exploring the relationship between school quality and earnings tend to use an alternative 
specification. 
In an alternative specification, the idea of “effective schooling,” S*, is used, which is 
dependent on both quantity and quality components of schooling. Substituting S* into (3.3) 
yields:  𝑙𝑛𝑌!" = 𝑙𝑛𝑌!! + 𝑟∗𝑆∗(𝑆,𝑄)+ 𝛽!𝐸 + 𝛽!𝐸! + 𝜀.                                                           (3.6)  
If again a quadratic approximation to the unknown function of S*(S, Q) is used for theoretical 
completeness, then: 𝑆∗ 𝑆,𝑄 = 𝑟!∗ + 𝑟!∗𝑆 + 𝑟!∗𝑄 + 𝑟!∗𝑆! + 𝑟!∗𝑄! + 𝑟!∗𝑆𝑄.                                                    (3.7)  
Substituting (3.7) into (3.6), results in:  𝑙𝑛𝑌!" = 𝑙𝑛𝑌!! + 𝑟!∗ + 𝑟!∗𝑆 + 𝑟!∗𝑄 + 𝑟!∗𝑆! + 𝑟!∗𝑄! + 𝑟!∗𝑆𝑄 + 𝛽!𝐸 + 𝛽!𝐸! + 𝜀∗.  
As most early studies find the quadratic terms to be insignificant, their models tend to stay on a 
linear formation:  𝑙𝑛𝑌!" = 𝑙𝑛𝑌!! + 𝑟!∗ + 𝑟!∗𝑆 + 𝑟!∗𝑄 + 𝛽!𝐸 + 𝛽!𝐸! + 𝜀∗                                                  (3.8) 
This specification allows school quality to operate exclusively though the intercept of the 
earnings function. In other words, school quality exerts a direct effect on earnings, and does not 
change the slope of the earnings-schooling relationship (the rate of return to years of 
schooling  𝑟!∗). All studies prior to Behrman and Birdsall (1983), such as Rizzuto and Wachtel 
(1980), in fact adopt this specification with the linear approximation; more recently, Grogger 




As mentioned above, a major disadvantage of the intercept approach is that it allows 
school quality to have a possible effect on earnings even if schooling equals zero, which is 
implausible. This is also the main reason why the present study focuses largely on the quality 
effect operating through its impact on the rate of return to education attainment. 
Lastly, some authors, including Betts (1995), combine specification (3.5) with the linear 
intercept approach (3.8). In this case, although the quadratic returns to quality and quantity of 
schooling are eliminated, an interaction of quality and quantity is preserved. This allows quality 
to operate through both the intercept and the slope. 𝑙𝑛𝑌!" = 𝑙𝑛𝑌!! + 𝑟!∗ + 𝑟!∗𝑆 + 𝑟!∗𝑄 + 𝑟!∗𝑆𝑄 + 𝛽!𝐸 + 𝛽!𝐸! + 𝜀∗                                     (3.9) 
Based on this specification, therefore, if school quality has no effect on education attainment, the 
effect of a unit change in school quality on the log wage of individuals with S years of schooling 
is 𝑟!∗ + 𝑟!∗𝑆. If school quality affects education attainment, the total effect of school quality is 𝑟!∗ + 𝑟!∗𝑆 + (𝑟!∗ + 𝑟!∗𝑄)(𝜕𝑆/𝜕𝑄), where the third term reflects the marginal effect of a given 
change in school quality on years of schooling  (𝜕𝑆/𝜕𝑄).  
This method will enable researchers to carry out tests to compare the merits of all three 
specifications outlined so far. For example, if the effect of quality on schooling is sufficiently 
small, then the result from (3.9) will be essentially the same as (3.8). However, if it is shown that 
quality does exert a significantly direct positive effect on earnings through the intercept (a 
positive r2), independent of its effect through rate of returns to schooling, then ignoring the level 
effect in (3.5) will underestimate the impact of school quality on economic earnings. 
Additionally, this specification again suffers from the zero education anomalies. 
Although the present study would like to consider level and slope effects jointly, the data 




cohort needed to generate statistically accurate and theoretically meaningful estimates within the 
two-step framework. However, specification (3.9) could be estimated as in a one-step procedure, 
the results from which could be used to compare with the Card-Krueger two-step method, and 
some early studies using the same specification. For comparison and interpretation reasons, this 
dissertation uses this specification with a linear approximation.1 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1Behrman and Birdsall (1983) also explain in detail the possible biases involved when quality, if indeed 








The aim of this study is to examine how school quality affects labor market earnings 
years later when the student enters the labor force. By reviewing the literature, the last chapter 
establishes different frameworks that incorporated school quality in the original Mincer wage 
equation. This chapter then arrives at several estimation methodologies specific to the need of 
this study, through modifications of the specifications set out in the last chapter, given the 
available data. 
All estimation methodologies start with the basic Mincer model, equation (3.2) that was 
derived in the last chapter. If the names given to the parameters are changed for ease of 
computation in this chapter and an individual subscript i is further added, then the Mincer 
equation becomes: 𝑙𝑛𝑌! = 𝛼! + 𝛽𝑆! + 𝛾𝑋! + 𝑈!,                                                                                       (4.1)  
where lnYi represents the logarithm of earnings of worker i; αi, is the constant term, which 
represents the logarithm of earnings of worker i with zero year of schooling; Xi is a set of 
available covariates for individual i that are thought to affect future earnings, such as experience, 
experience squared, ethnicity, hukou registration, locality, gender, marital status, and so on; Si 




School Quality and Returns to Schooling: the Card-Krueger Model 
As the last chapter indicated, there are various ways to incorporate school quality into the 
Mincer model. The main extension of the Mincer model adopted in this dissertation follows Card 
and Krueger (1992), which focuses primarily on the role played by school quality, Q, in affecting 
the rate of return to schooling,  𝛽. In this case, the rate of return to schooling,  𝛽, is assumed to 
depend on the quality of schooling received by a worker when he or she was in school years 
earlier, 𝑄!, so that: 𝛽 = 𝛽! + 𝛽!𝑄! + 𝑒!,                                                                                                (4.2)  
where ei is an error term in the rate of return to schooling equation. Note that since the Mincer-
based estimates of rates of return to schooling for individual workers cannot be obtained unless 
one has separate observations for the wages and schooling of each worker, Card and Krueger 
(1992) proceed to estimate the Mincer equation (4.1) for workers aggregated by state and cohort, 
so that rates of return to schooling, 𝛽, are estimated for each of the 50 states in the United States. 
These estimated rates of return to schooling then constitute the dependent variable in the second 
stage equation (4.2), where the explanatory variables include average school input measures 
facing the workers included in each state-based sample, but for the time and place (state) when 
they were in school, where the latter is assumed by the authors to be the worker’s state where 
they were born.    
In this dissertation, the two-step procedure following Card and Krueger (1992) is devised 
as follows: In the first stage, estimates of the rate of return to schooling are obtained for each of 
the provinces and cohorts in China. The second stage then involves regressing these estimated 




these will be pupil/teacher ratio and expenditures per pupil) within each province back in time 
when the workers were of school age.  
In the first-stage, the return to schooling for individuals from each province and cohort 
will be estimated with the following equation: 𝑙𝑛𝑌!" = 𝛼!! + 𝛼!!𝑅𝑒𝑔𝑖𝑜𝑛!" + 𝛽!,!!!(𝑆!"𝑃𝑟𝑜𝑣𝑖𝑛𝑐𝑒1!") +⋯+ 𝛽!,!!!(𝑆!"𝑃𝑟𝑜𝑣𝑖𝑛𝑐𝑒𝑁!")+𝛾𝑋!"# + 𝑈!"#,   (4.3) 
where the index i represents individuals, c represents cohorts, and p represents provinces. This 
equation (4.3) is similar to that estimated by Card and Krueger (1992) in that it contains 
interactions between the year of schooling variable and a set of dummy variables representing 
each province in China. This model hence allows the rate of return to schooling to differ across 
provinces and by cohort. 
Having obtained OLS estimates of the rate of return to schooling for every province in 
each cohort (the same regression (4.3) is run four times, each time for one 10-year birth cohort), 
the second stage estimation involves examining the determinants of the rate of return to 
schooling, one of which is school quality. To do this, the rate of return to schooling for each 
province and cohort 𝛽!" is related to provincial level school quality measures and other 
provincial level variables using Weighted Least Squares (WLS), weighted by the inverse 
variance of the dependent variable:  𝛽!" = 𝛿! + 𝛿! + 𝜃𝑄!" + φ𝑊!",                 (4.4) 
where the parameter 𝜃 measures the effect of school quality on the rate of return to schooling. 𝛿! 
represents an unrestricted province-of-birth effect in the return to schooling, 𝛿!   represents an 
unrestricted cohort effect, Qpc represents average school quality at the time cohort c attended 
school in province p, and Wpc is a vector of background or control variables which measure the 




school quality effect on rates of return to schooling needs to be separated from other province-
specific effects on the rate of return to schooling because earning differentials between provinces 
could be due to some socioeconomic background effects that vary across provinces. Regional 
dummies in the first stage and a vector of provincial level variables, such as the urban/rural 
population ratio, per-capita income, parental education in the second-stage estimation are 
introduced to at least partially control for provincial background influences on rates of return to 
schooling.  
This two-step model with a first-stage described by equation (4.3) and a second-stage by 
equation (4.4) is the main estimation method used in the empirical analysis. The two-step method 
is a rich framework that not only provides an analysis of the impact of school quality on rates of 
return to schooling, but also through the first stage estimation, produces an estimate of the 
variation in rates of return to schooling among provinces and cohorts in China. 
The Direct Effect of School Quality on Earnings 
The model just discussed has one serious implication that is important to relax in the 
empirical work. In order to explain this issue, the two-step model can be transformed into a one-
step framework. Since the idea of the two-step model is that the rate of return to schooling 
depends on school quality, so that the parameter 𝛽 in the Mincer equation is a function of school 
quality, then equation (4.1) can be directly modified to become: 𝑙𝑛𝑌! = 𝛼! + 𝛽 𝑄 𝑆! + 𝛾𝑋! + 𝑈!,                                                                                   (4.5)  
a slight variant from (3.3), with different parameters. Furthermore, assuming that the unknown 
quality function 𝛽 𝑄  exhibits a linear approximation, that is, 𝛽 𝑄 = 𝛽! + 𝛽!𝑄!, then: 𝑙𝑛𝑌! = 𝛼! + 𝛽! + 𝛽!𝑄!𝑆! + 𝛾𝑋! + 𝑈!,                                                                            (4.6)  




This specification means that, in making the rate of return to schooling a function of 
school quality, one is introducing quality as an interaction effect with years of schooling in 
determining earnings. This implies that, if the impact of school quality on earnings is positive, 
then school quality will have a greater impact on earnings if the number of years of schooling is 
higher. That is, school quality has a potentially larger effect on earnings if students stay in school 
longer.  
Although it is plausible to assume that students with more years of schooling will receive 
more benefits from increases in schooling quality, it could also be argued that increases in school 
quality act uniformly across schooling levels. This is a point made by Johnson and Stafford 
(1973), who assume all individuals born in a state with higher quality schools obtain the same 
level of increase in earnings independent of their school years.1  
An alternative approach, which does not make the assumption that higher school quality 
has a bigger impact when people have higher education attainment, is motivated by the 
derivation of equations (3.6) through (3.8) in the Analytical Framework chapter, where the idea 
of “effective schooling” was introduced, in which that variable schooling is a function of both 
quantity and quality of schooling. Assume a linear approximation to quality,2 and substitute 
“effective schooling” into the Mincer equation (4.1), then: 𝑙𝑛𝑌! = 𝛼! + 𝛽!𝑄! + 𝛽!𝑆! + 𝛾𝑋! + 𝑈!,                                                                           (4.7)  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1Johnson and Stafford (1973) actually test for both an intercept and a slope effect within a one-stage 
framework that has incorporated a quality-quantity interaction term, and they find only the intercept effect to be 
significant. 
 
2Instead of assuming a linear approximation to quality, some authors such as Johnson and Stafford (1973), 
test for the interaction between school quality and years of schooling variables. If the null hypothesis that the 
interaction coefficient is zero is not rejected with an F-test, the interaction term may have to be dropped; leaving a 




which is a slight variant of (3.8) with different parameters.3 In the present study, Qi represents 
measures of school quality at the provincial level. Hence, in this model, the parameter of interest 
is 𝛽!, which measures the impact of school quality on earnings. This is a direct effect of school 
quality on earnings that does not operate indirectly by affecting the rate of return to quantity of 
schooling, as Card and Krueger’s model described earlier assumes. This specification is the 
second main model estimated in this study, and in contrast to the model presented earlier it 
implies that school quality has the same impact on expected earnings regardless of the 
individual’s education level.  
This model is estimated using a pooled sample of men and women from four 10-year 
cohorts, as detailed later. Unlike the earlier model, this model constrains the province-specific 
effect (represented by the province dummies in the two-step model) to be similar across cohorts. 
In this dissertation, the second model outlined above is estimated as a one-step procedure. 
However, since this model is still utilizing provincial level averages for school quality, it is 
possible to estimate the direct impact of school quality on earnings with a variant of the Card-
Krueger two-step model. The first step now estimates province-specific intercepts (instead of 
slope in the first model), and the second step regresses the province-specific intercepts on 
provincial quality averages and other provincial level background variables.4 
Endogeneity Issues: Quality as a Determinant of Quantity 
The implicit assumption made in the literature examined earlier, and the two models just 
discussed, is that although quality of schooling affects labor market rates of return to schooling, 
it has no impact on the educational attainment of individuals. But apart from affecting the 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3For a detailed derivation, refer to Chapter III, specifically (3.6) to (3.8). 
 




marginal rate of return to additional years of schooling, changes in the quality of schooling are 
likely to affect educational attainment (the level of schooling) as well. To address this issue, in 
this sub-section, an empirical specification is devised, which can be used to examine the 
relationship between education attainment and schooling quality. 
Decisions concerning investments in years of schooling are made by individuals or by 
their families and the decisions made about how much to invest in years of schooling is 
dependent on a set of background variables, such as parental education, family income, and 
possibly also on the quality of the schooling available. As various studies revealed, quality of the 
school system in an individual’s area of residence (in the present study, province) may have an 
effect on one’s decision to stay in school.5 
To test this proposition, educational attainment of an individual i, Si, may be 
hypothesized to depend on quality of schooling, Qi, as well as on a number of other background 
and environmental variables, such as father’s education, family income, age cohort, urban versus 
rural location, and total number of brothers and sisters, representing the financial pressure an 
individual family faces. The specification is illustrated as follows:   𝑆! = 𝜏! + 𝜓𝑄! + 𝜉𝑋! + 𝜐!,                                                                                              (4.8) 
where 𝑋! is a vector of background variables and 𝜐! is an error term. 
Depending on estimates from equation (4.8), estimation results from earlier two models 
may need reinterpretation. For example, in relation to the model summarized by equation (4.7), if 
school quality has no effect on educational attainment (𝜓 = 0), the effect of a unit change in 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  




school quality on the log of earnings of individuals is 𝛽!. But if school quality affects educational 
attainment (𝜓 > 0), the total effect of school quality on earnings then is 𝛽! + 𝛽!𝜓.6  
Reduced-Form Estimates 
If indeed, educational attainment is an endogenous variable and school quality is instead 
the exogenous variable (this might be most applicable to primary schools where families may be 
forced to enroll children in the local school where they reside), then the earnings equation may 
be estimated as a reduced form equation that depends only on quality of schooling: 𝑙𝑛𝑌! = 𝛼! + 𝜋𝑄! + 𝛾𝑋! + 𝑈!,                                                                                         (4.9) 
Since this specification excludes education attainment as a determinant of earnings, the 
parameter π then represents both the direct effect of school quality on earnings, and any indirect 
effect of school quality through its impact on education attainment.  
Omitted Variable Bias 
It is well established in the returns to education literature that omitted ability and family 
background variables may bias estimates of the effect of educational attainment on future 
earnings, as more capable students, and/or students who come from wealthier families choose to 
pursue more years of schooling. It is equally true that financially well-off families may demand 
smaller classes or even choose to migrate to other regions specifically for better quality schools, 
which could be the case for many Chinese families migrating to Shanghai or Beijing for better 
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educational opportunities for their children.7 Since considerations about residential choices for 
many families often involve the quality of schools, it is then difficult to determine whether an 
individual performs better in the labor market as a result of high quality schools he or she 
attended or because of the individual’s superior socioeconomic background. 
Furthermore, as pointed out by Card and Krueger (1996), there could be another problem 
related to the endogeneity of school quality (school resource input) within a school or a school 
district, as children who perform poorly academically may instead be assigned to smaller classes 
for special care and attention, for example. Using data at the school level, this could lead to 
downward bias to estimates of the effects of school quality on earnings. On the other hand, 
highly motivated students could attend magnet schools, which typically have higher education 
resources per pupil, which often leads to upward-biased estimates.  
Therefore, by averaging quality variables over large enough areas, such as states or 
provinces, the correlation between school quality measures and family background variables are 
likely to be reduced, which should mitigate the above-mentioned selection problem. Hence, it is 
argued that the aggregate data approach for computing school quality variables is advantageous 
in minimizing the biases caused by endogenous school resources within schools or school 
districts.8 However, Hanushek (1996) notes that biases resulted from omitting key variables 
could be larger in studies that measure school quality at an aggregated level because state 
background variables are often ignored in these studies. Although a legitimate argument, the 
evidence from Card and Krueger (1992) and Heckman et al. (1996) seems to contradict it. Their 
studies, by incorporating state-fixed effects, tend to show larger, rather than smaller school 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7This is less true for lower-level students, as moving younger children across provinces often involves a 
family relocation, the cost of which could be too high. 
 
8“The aggregate data approach is sometimes promoted as a remedy for the sorting bias problem,” as 




quality effects, which in turn could suggest that omitted state-level background variables may 
lead to the opposite bias.  
It is also important to note that bias attributable to omitted variables may be less 
significant on the impact of school quality on the slope of the earnings-schooling equation (in 
other words, on the rate of return to schooling). This is because omitted factors primarily affect 
the estimates of the direct effect of school quality on the level of earnings, and their impact may 
be absorbed by the inclusion of province dummies. Indeed, the two-step model described by 
equations (4.5)-(4.6) absorbs any level effect of school quality by including regional dummies in 
the first stage equation. The school quality effect is then identified in the second stage by 
comparing the rate of return to schooling for individuals born in different provinces and cohorts, 
controlling for other provincial background characteristics or even including provincial fixed 
effects.  
Although the omitted variable problem may not be a significant one for the two-step 
model, it remains an issue for the one-equation estimation model referred to as model 2 above. 
There are typically two approaches researchers use to deal with omitted variable bias: the 
Instrumental Variable (IV) approach and the Control Variable approach. If the second model 
above, represented by equation (4.7) is used as an example,9 where Qi is not exogenously 
determined (Corr  (𝑄𝑖,𝑈𝑖) ≠ 0), then there are some instrumental variables which could be 
employed to proxy for Qi in a second equation. The general model can be written as follows: 𝑙𝑛𝑌! = 𝛼! + 𝛽!𝑄! + 𝛽!𝑆! + 𝛾𝑋! + 𝑈!                                                                             (4.7)  𝑄! = Φ𝑆! + 𝛿𝑋! + 𝜏𝑍! + 𝑉!,                                                                                          (4.10)  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  





where Zi denotes the vector of observed instrumental variables, such as parental education levels 
and parental income. The key idea of the IV method is that although Qi is correlated with Ui, if Zi 
is uncorrelated with Ui, (Zi is exogenous), then Zi can be used to estimate β1.  
In addition, variation in Qi comprises of an endogenous and an exogenous part; the IV 
method uses instrument Zi to isolate the exogenous variation in Qi and thereby to estimate β1. 
More formally, consider a simple form where no other control variables (Xi or Si) in (4.6) or (5.0) 
are included, then cov( ln𝑌! , 𝑍!) = 𝛽!cov(𝑄! ,   𝑍!)+ cov 𝑈! ,   𝑍! = 𝛽!cov(𝑄! ,   𝑍!). Thus, 𝛽! = cov( ln𝑌! , 𝑍!)/cov(𝑄! ,   𝑍!) = 𝛽!!", where cov( ln𝑌! , 𝑍!) is the sample covariance between 
lnYi and Zi. If these two covariances are consistent and if cov(𝑄! ,   𝑍!) ≠ 0, then 𝛽!!" ! 𝛽!. The 
availability of a valid instrument Zi therefore can permit a consistent estimate of β1. 
However, the potential instrument Zi must satisfy two conditions: 1) Zi is uncorrelated 
with the error term Ui, and 2) the correlation between quality Qi and the instrument Zi is not zero 
given years of schooling Si and other exogenous control variables Xi. The first condition ensures 
that the instrument is exogenous, and the second condition certifies that the instrument is 
relevant. The satisfaction of these two conditions hence permits using Zi to isolate any exogenous 
variation in Qi that could be used to identify β1.Therefore, the Two-Stage Least Squares (2SLS) 
method could be used to estimate the two equations. In the first stage, equation (4.10) is 
estimated by OLS, producing the predicted values 𝑄!. In the second stage, lnYi is regressed 
against 𝑄!, Si and Xi, yielding the 2SLS estimator 𝛽!!!"!.  
Alternatively, omitted variable bias can be attenuated by directly controlling for it in the 
original earnings equation. This approach is called the Control Variable approach, by which 
additional control variables, such as parental income and parental education, are employed to 




adopt a similar approach, which involves an added control variable, IQ test scores, as a proxy for 
omitted ability in their wage equation. The Controlled Variable approach is the main approach 
that this study adopts, to account for omitted variable bias.  
The last and most desirable approach to deal with omitted variable bias is the fixed effect 
method, which requires a twin dataset or a randomized experiment (a natural experiment at least). 
The current datasets do not contain enough information to employ this technique.10 In any event, 
following Rizzuto and Wachtel (1980), the robustness of quality effect estimates is tested by 
including the real per-capita income, urban/rural ratio, and parental education as additional 
control variables in the regression to account for possible background differences between 
provinces that have not been taken into account in the original models. 
Sample Selection Bias  
This study (as well as the previous literature), uses samples of employed workers to 
determine rates of return to schooling in various labor markets (states, provinces, etc.) This is, of 
course, because it is for this population that data on earnings are available. But employed 
workers do not constitute the whole universe of workers in the country, some of whom may be 
unemployed, or even the economically active population, some of whom may not be in the labor 
force at all. Since workers may become employed because they self-select themselves into 
entering the labor force and/or because they are selected by employers out of a wider set of 
applicants, it is possible, in fact likely, that employed workers are not a random sample of the 
overall economically active population. If employed workers are a selected sample (more 
motivated, or of greater ability, for example), the results from OLS regressions may be biased 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
10See Card and Krueger (1996), who analyze the experience of Black and White students in North and 
South Carolina, which may be considered as a natural experiment, in which considerable differences in school 




because some of the factors that increase the likelihood that a person will work may also be 
factors that make his or her earnings high or low. 
This is an issue of special significance for female workers because labor force 
participation rates are substantially lower among women, which may make the selectivity issue 
even more important. So far in this study, gender has been introduced as a control variable in the 
four model specifications introduced above. Uniformly, previous literature has shown that 
gender has a significant effect on earnings, and that there are significant gender differences in 
educational attainment as well. In fact, China has been promoting equal opportunity among 
males and females in all aspects of social life since the beginning of the 21st century. Though the 
gender effect on earnings has been extensively examined in the Chinese returns to schooling 
literature (see some of the studies cited earlier in the literature review section), the different roles 
that school quality may play on the earnings gap between male and female groups have been 
ignored. This is, in fact, a topic that even the American school quality literature has neglected. 
To address the sample selection issue, this dissertation adopts the well-known Heckman 
two-stage correction method, or the Heckit model. The Heckit model is a statistical method 
developed by James Heckman in 1979. It allows researchers to correct for selection bias in the 
sampled population and its rationale is presented in this section as applied to the case of female 
workers. In the first stage of this approach, the probability of women’s participation in the 
workforce is analyzed, postulating a set of explanatory variables, X, that influences it. A probit 
model of labor force participation would be:  𝑃 𝐷 = 1 𝑋 = Φ(𝑋𝜌),                    (4.11)  
using all observations on women say aged 16 to 55, where D indicates employment (D = 1 if the 




explanatory variables, ρ is a vector of unknown parameters, and Φ represents a cumulative 
distribution function of the standard normal distribution. Estimates of 𝜌  from the probit model 
are used to predict an employment probability for each individual based on a set of 
characteristics. In the second stage, the potential selection bias is corrected for by incorporating a 
transformation of the predicted individual probabilities, the inverse Mills ratios, as an additional 
explanatory variable in the original Mincer wage equations (according to the specification used).  
For instance, if the simple wage equation in Card and Krueger (1992)’s analysis is 
considered, that is, equation (4.1) from above: 𝑍! = 𝛼! + 𝛽𝑆! + 𝛾𝑋! + 𝑈!,                                                                                                (4.1)                                                                              
where Zi denotes the logarithm of an underlying wage rate that is not observed if the respondent 
does not work, the conditional expectation of wages given the person who works is then 𝐸 𝑍 𝑆,𝑋,𝐷 = 1 = 𝑎! + 𝑏𝑆! + 𝑐𝑋! + 𝐸[𝑢|𝑆,𝑋,𝐷 = 1]    (4.12)                     
where a, b and c are estimated coefficients. Assume the error terms are jointly normal, then: 𝐸 𝑢 𝑆,𝑋,𝐷 = 1 = 𝜃𝜎!𝜆(𝑋𝜌),                                                                            
where θ is the correlation between unobserved determinants of the probability to work and 
unobserved determinants of wages, 𝜎! is the standard deviation of u, and λ is the inverse Mills 
ratio evaluated at 𝑋𝜌. Substituting into (4.12), then the following holds: 𝐸 𝑍 𝑆,𝑋,𝐷 = 1 = 𝑎! + 𝑏𝑆! + 𝑐𝑋! + 𝜃𝜎!𝜆(𝑋𝜌)    (4.13)          
This equation shows that sample selection bias can also be treated as a form of omitted variables 
bias. In the Heckit model, the omitted variable, which is related to the probability of being in the 
wage sample, can be computed from the first-stage probit equation. The wage equation in the 
second stage can then be estimated by including the inverse Mills ratio λ as an additional 




it can be seen, testing the null hypothesis that 𝛾 is zero is equivalent to testing for sample 
selectivity. In other words, the t-statistic for 𝛾 from the regression is used to test the hypothesis if 
selection bias exists. 
Furthermore, methodologically, identification of the Heckit model requires that at least 
one variable not included in the wage equation be added in the selection equation. In the context 
of this empirical study, identification is achieved by adding a variable representing the number of 
dependent children in the household.11 
Other Considerations 
Aside from econometric issues associated with estimating the impact of school quality on 
earnings using aggregate data, a number of other concerns need to be elaborated. As noted by 
Heckman et al. (1996), “earnings data on migrants between states are essential in identifying the 
impact of schooling quality on earnings using the aggregate approach.” If there is no migration 
across states, it becomes very difficult to isolate the quality effect from other state specific 
effects. Furthermore, if only earnings for individuals born in a province and are still living in the 
province are observed, provincial differences in earnings could then be due to some 
socioeconomic and other environmental background effects that vary across provinces.  
Therefore, random migration across areas of residence (states or provinces) could 
generate a variation in school quality, which can be viewed as exogenous, hence allows a causal 
identification of a quality effect on earnings. However, if migration is not random, or earnings 
are only observed for individuals born and live in the same place, then it is necessary to separate 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
11See Chen and Hamori (2009) and Zhang et al. (2005). It is possible to use a number of other variables that 
may impact the likelihood of work in the selection equation (but not the wage rate), such as the number of young 
children in the household, and the number of seniors. Specific to each dataset, some or all of these variables are 





the place-of-residence effect from the school quality effect, otherwise, the second step estimates 
of school quality will be biased. This is likely to be the case for studies on China, as the 
migrations that occurred during the early periods might be the result of specific government 
policies which encouraged students to work in rural and mountainous regions, while more recent 
migration could be motivated by superior living standards and educational opportunities in richer 
regions.  
Therefore, the estimated quality effects are biased unless the estimation equation includes 
all relevant variables relating to earning differences. For example, to account for non-random 
migration, Heckman et al. (1996) try to incorporate both region-of-birth and region-of-residence 
effects, which could be associated with mobility between states. Following the Card-Krueger 2-
step model, in the second-step equation, they include a quadratic term of the distance between 
the state of birth and the state of current residence. However, as noted earlier, because of data 
limitations, this dissertation does not rely on migration and its ability in generating an exogenous 
quality effect. Instead, this study excludes all migrant observations from the analysis, and tries to 
isolate school quality effects by including provincial/regional dummies, and necessary 
background variables at the provincial level. 
Lastly, an assumption is often made in the literature that the semi-log earnings equation is 
linear in years of education. This linear specification implies that the earnings increase from an 
additional year of schooling (in percentage terms because of the semi-log functional form) is the 
same for high schools and college for example. In other words, the linear model commonly used 
in the literature does not allow for possible sheepskin effects, which is likely to occur at the 
completion of high school or college. The linearity assumption could be easily tested by adding 




estimation equation. Then, simple F-tests could be performed to test the joint significance of 
these sheepskin effects. If the data rejects linearity, then a non-linear model may be devised, the 
non-linear model is described by Heckman et al. (1996) as follows, which could be considered a 
variant of the Card-Krueger 2-step model:  𝑦!"#$ = 𝜃!"# + 𝛼!"#$! 𝐸!"#$ + 𝛼!"#$! 𝜏!"#$! + 𝛼!"#$! 𝜏!"#$! + 𝑋!"#$𝛽! + 𝜀!"#$,                    (4.14)  
where 𝛼!"#$! = 𝛼!! + 𝛼!! + 𝛼!"! + 𝛼!"! + 𝛼!!"! , 𝑗 = 0, 1, 2,  𝜃!"# = 𝜃! + 𝜃! + 𝜃!" + 𝜃! + 𝜃!", 𝜏!"#$! = 1        𝑖𝑓  𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙  𝑖  𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑑  𝑠𝑜𝑚𝑒  𝑐𝑜𝑙𝑙𝑒𝑔𝑒, 𝑏𝑢𝑡  𝑙𝑒𝑠𝑠  𝑡ℎ𝑎𝑛  4  𝑦𝑒𝑎𝑟𝑠0        𝑒𝑙𝑠𝑒                                                                                                                                                                                                                                      , and  𝜏!"#$! = 1        𝑖𝑓  𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙  𝑖  𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑑  4  𝑜𝑟  𝑚𝑜𝑟𝑒  𝑦𝑒𝑎𝑟𝑠  𝑜𝑓  𝑐𝑜𝑙𝑙𝑒𝑔𝑒0        𝑒𝑙𝑠𝑒                                                                                                                                                                                                      .  
The rate of return to a given number of years of schooling is obtained by multiplying 𝛼!"#$! , which represents the rate of return to schooling per year, by the number of years of 
schooling.12 Then, the study of the impact of school quality on the rate of return to schooling 
would require the parameterization of different components of the return as functions of the 
quality variables. Furthermore, the second-stage equation needs to be estimated separately for the 
linear return  𝛼!"#$! , and the marginal returns 𝛼!"#$!  and 𝛼!"#$! . Similar to the linear model, the 
state of birth component of school quality effects operates through 𝛼!!  and 𝛼!"! , and the state of 
residence component of school quality operates through 𝛼!"!  and 𝛼!"#! . Finally, the sets of 
estimates of 𝛼!"#$!  from the first-stage equation (three sets of estimates, for j= 0, 1, and 2), are 
used as the dependent variables in the second-stage regressions.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
12For example, for individuals with 14 years of schooling, the total return to schooling is then the linear 
return plus the marginal return, 𝛼!"#$! ×14 + 𝛼!"#$! , where 𝛼!"#$!  represents the marginal return for individual with 
less than 4 year of college education. If an individual has a master’s degree (assumed to be 18 years of schooling), 
his or her return is then given by 𝛼!"#$! ×18 + 𝛼!"#$! , where 𝛼!"#$!  represents the marginal return for someone with 4 




It should be noted that the study of possible sheepskin effects in school quality, utilizing 
the variant of the two-step model is beyond the scope of this dissertation. However, the issue of 
non-linearity could be an important consideration in future studies, once a basic understanding of 
the impact of school quality on the earnings-schooling relationship is formed in the case of China. 
Lastly, measurement errors involved in the computation of school quality variables 
should be a cause for concern. Even the best school level data tend to have data for only one 
school year, which at best provides only a glimpse of the overall school life of students. On the 
other hand, district- or state-level school quality data could potentially average out yearly 
fluctuations in school resource inputs. Even Hanushek et al. (1996), who argue against the use of 
aggregate quality data, point out that measurement error involved in school quality measures 










The lack of research on the link between school quality or school resources and the future 
labor market performance of students can be explained by the scarcity of datasets that contain 
individuals’ earnings information along with their schooling information back when they were 
attending school. An exception to this is the use of longitudinal datasets, such as the High School 
and Beyond (HSB) dataset, which collected ample data on students and tracked their labor 
market performances later in their lives. Betts (1996a, 1996b) utilizes1 this dataset to examine the 
impact of school quality on the earnings of those students when they entered the labor market 
years later. But for developing countries, and China specifically, long-term longitudinal datasets 
of this type, which include substantial information for both schooling and later labor force 
outcomes is not available.  
The way most researchers, including Card and Krueger, overcome the absence of 
longitudinal data is by employing state-level school quality indicators from past periods when 
these workers would be in school as a proxy for their actual school quality, and match state- 
average measures of school quality or school resources for those time periods to the respective 
earnings information. That is the approach used in this dissertation.  
This chapter describes the various sources from which earnings data come, how school 
quality indicators for decades earlier are compiled from a number of publications, and last but 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1There is a problem with the HSB dataset in that it only collected data for young workers, when the full 




not least, how the two are combined. More specifically, three earnings datasets are utilized, each 
combined with two school quality indicators back when the workers were in school, to form the 
sample of analysis. Since this is the first study to examine the impact of school quality on the 
earnings-schooling relationship in China, three sets of parallel analyses are carried out of the 
econometric models detailed in the last chapter for each dataset. The goal is to determine if 
consistent results are obtained across various datasets.  
School Quality Data 
Data on school quality or school resources in China were not generally available before 
1949. As a result, the quality data used in this dissertation is constrained for the period after 1949 
and it is available at the provincial level only. The geographical unit of analysis is therefore at 
best, 31 provincial level administrative divisions, with 22 provinces, 5 autonomous regions, and 
4 municipalities (excluding Hong Kong, Macau, and Taiwan). 
The information on school quality (to be described below) will be collected for four age 
cohort groups. China has a mandated retirement age of 60 for men and 55 for women, and a legal 
working age of at least 16. In light of this, a maximum of four birth cohorts are built, namely 
1946-1955, 1956-1965, 1966-1975, and 1976-1985, and for each birth cohort provincial school 
quality indices are gathered and averaged over the years that the individual’s birth cohort 
attended school. Although China’s average educational attainment has risen rapidly in recent 
years, it was equal to 7.5 years in 2010 and for the cohorts discussed in this dissertation, the 
majority of the workers considered had achieved only primary education. As a result, the 
measures of school quality discussed below are collected only for primary education. 
In the literature, several measures of school quality have been proposed, such as 




qualification, term length, and school facilities. Of these quality measures, only education 
expenditure per pupil and pupil/teacher ratio are available to find at the primary school level in 
China over the latter half of the 20th century. With the four 10-year birth cohorts studied in this 
dissertation, the oldest individual born in year 1946 would have attended primary school at age 
6; hence, the earliest school quality statistics needed are from 1952. Similarly, the youngest 
individual born in 1985 attended primary school in 1991 and finished in 1996, the last year for 
which data for school quality indicators needed to be available.  
The remaining sections of this chapter are devoted to listing all the publications from 
which the two quality measures, education expenditure per pupil and pupil/teacher ratio, are 
computed for the years 1952 through 1996. 
The China Compendium of Statistics 1949-2008 
School quality variables are drawn from several data sources, one of which is The China 
Compendium of Statistics 1949-2008 (CCS). This compendium is a large compilation of 
statistics covering all 31 Chinese provinces, autonomous regions, and municipalities from 
China’s founding in 1949 to 2008. It captures 60 years of national economic and social 
development. The entries in the compendium actually originate from the annual Statistics 
Yearbook of China. The CCS was published in January 2010 and compiled by the Chinese 
Bureau of Statistics. 
For each year, the compendium publishes statistics on the number of full-time teachers 
and student enrollment at each education level for every province. From this, it is possible to 
calculate the average pupil/teacher ratio for each birth cohort or individual at the provincial level.  
Although the CCS contains information on education expenditures, it only publishes a 




a whole.2 Therefore, CCS can only be used for pupil/teacher ratio calculations and other data 
sources have to be turned to for the calculation of the expenditure measure. 
It is important to note that in this study education spending is defined as budgetary 
education expenditure. As China runs a largely public education system, budgetary expenditure 
comprises the majority of the total education expenditure. This is especially true for lower-level 
education, such as primary schools, because it is much harder for primary schools to secure 
outside funding than the higher education sector. Furthermore, education expenditure in China 
can be broadly decomposed into capital expenditure and operating expenditure. The former is 
largely used to purchase land, school buildings, and other major capital investment, hence is 
loosely related to school quality. This study therefore excludes education capital investment from 
the expenditure measures. Before mid-1980, the central government shouldered almost the entire 
education budgetary expenditure, whereas after mid-1980, the budgetary expenditure of 
provincial and local governments made up over 90%3 of total education expenditure.  
The China Educational Finance Statistical Yearbook 1994-1996 
The China Educational Finance Statistical Yearbook is an annual publication by China 
Statistics Press. It is co-compiled by the Finance Department of the Ministry of Education and 
the Social, Science, Technology and Culture Department of China Bureau of Statistics. The 
Yearbook publishes detailed statistics on education revenue composition and expenditure by 
categories, education level, and province. It also provides information by gender and on rural and 
urban sub-samples. Detailed statistics are collected from the lowest administrative division, a 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2This is mainly caused by the way financial expenditure accounts were set up at the local level. These 
accounts were adjusted in 2007 to incorporate expenses from agriculture, forest and irrigation, education, general 
public service, social security, and employment. 
 




rural/urban community, and then submitted and compiled by the next level of authority on 
education, a township education office, followed by a county/district, then city, and up to the 
provincial Department of Education.  
Although The China Educational Finance Statistical Yearbook publishes various 
education spending statistics for every Chinese province, and even per-pupil budgetary spending 
(calculated by dividing by the number of enrolled students at each education level for each 
province), the Yearbook is only available from 1994 onwards (with statistics from 1993); this 
shortage necessitates the collection of early statistics from a third source, namely, provincial 
Chronicles.  
Regional Chronicles 
The China Regional Chronicle is a project managed by the China Regional Chronicle 
Committee, an independent body under the jurisdiction of the State Council, and located at the 
Chinese Academy of Social Sciences. It has a dedicated and independent office, headed by the 
Director of the Social Science Academy. Regional Chronicle Committees are established at 
every administration division from the top down, each responsible for drafting its corresponding 
level annals. This study made use of Province Chronicles, since it only concerns with school 
characteristics at the provincial level. 
Under the broad guideline of the Chronicle’s central office, each provincial Chronicle 
drafting committee compiles a set of chronicles on a broad area of interests, sometimes 
exceeding 100 individual topics. The topics extend from politics to all kinds of daily-life 
activities and professions, e.g., Population Chronicle, Sports Chronicle, Forestry Chronicle, 
Transportation Chronicle, Party Chronicle, Animal Chronicle, Economy Chronicle, Government 




Chronicle, Religion Chronicle, and Environmental Protection Chronicle, just to name a few.  
The Chronicles provide a written account of important and historical events taking place 
in that particular field of study. Each book normally covers historical events from the late Qing 
Dynasty up to the early 1990s, depending on when the Chronicles are commissioned and 
published; more emphasis has been placed on events occurring after 1949. Each province may 
have its own independent regional characteristics that determine which areas of life and nature 
are of greatest importance to document. However, this variability does not affect this research, as 
education expenditure statistics are documented primarily in two of the major Chronicles, which 
are mandatory publications, namely the Finance Chronicle and the Education Chronicle. 
Public expenditures, including expenditures on education, are generally documented in 
the Finance Chronicle, in the chapter on budgetary expenditures, under the heading of Culture, 
Education, Health, and Science Expenditures. The majority of the provincial Finance Chronicles 
provide education expenditure statistics by level of education, which are sufficient for this study. 
In cases where year-by-year information on education expenditure by level is not compiled in the 
Finance Chronicle, the study turned to the Education Chronicle for more detailed statistics. The 
Education Chronicle keeps education expenditure information in the chapter of Education 
Administration, under the sub-chapter of Education Budget. 
However, several challenges are associated with the statistics from the Chronicles. The 
practice of collecting and compiling statistics across provinces lacks consistency. For example, 
some provincial Chronicles provide a list of expenditure per pupil by level of education rather 
than expenditure by level, such as Guangdong, while Beijing only has information on overall 
education expenditure. In addition to different practices when publishing their expenditure 




Revolution years when the education system was badly damaged.  
Computation of Quality Measures 
Since the Educational Finance Statistical Yearbook only provides information for 1993 
onwards, data was needed for the period of 1952 up to 1992. However, only a handful of 
provinces provide information up to 1992 in their Chronicles; with the majority of the provinces 
publishing information up to only the late 1980s. When dealing with missing values, averages of 
adjacent data points were used to proxy for the missing values. If the missing value occurred in 
the late 1980s or early 1990s, when China was experiencing a consistent increase in education 
spending, finding the middle-points between observations should not pose significant statistical 
problems. However, during the Cultural Revolution years, when primary school spending 
information was outright lacking, missing values are much harder to extrapolate accurately; this 
is one of the major statistical limitations of the present study.  
Once data on primary education expenditures are obtained from Chronicles and 
Yearbooks, per-pupil spending was then calculated by dividing expenditure by primary school 
enrollment. The calculated per-pupil expenditure is then adjusted to 2005 prices by provincial 
CPIs;4 these quality indicators are averaged over the years when the individual attended primary 
school. The way missing values are computed and the ensuing calculation to obtain provincial 
cohort averages are detailed in the next chapter. 
Note also, that in China, the definition of labor force is limited to the age of 16 or above. 
As a general rule, in the late 1970s, children entered elementary school at age 7 and remained 
there for 5 years; junior high school and senior high school each required 2 years. Thus, an 
individual who was born in 1962 and started school at age 7 would be a senior in an upper 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  




middle school and would decide to either pursue college or to work. Therefore, when dealing 
with individuals born in the 1970s or earlier, one may have to use this rule to calculate their 
years of schooling more accurately.  
Earnings Datasets 
As reviewed in the literature chapter, estimates of rates of return to schooling in China 
vary considerably across studies, especially when go back in time. Again, this is due to the lack 
of adequate data, which would have permitted more rigorous empirical research, as well as the 
fact that China had a planned economy in the 1970s during which time wage incentives were 
largely repressed. Given these inconsistencies in return to schooling estimates, this dissertation 
utilizes three different survey datasets, all from the 2000s, when market economic reforms were 
already blooming and the benefit of more and quality schooling had time to permeate into the 
labor market, to paint a coherent and consistent picture of the impact of early school quality on 
future labor market performances for individuals. 
The three survey datasets used in this study are taken from the Chinese General Social 
Survey (CGSS), China Health and Nutrition Survey (CHNS), and the Chinese Household and 
Income Project (CHIP). These datasets are each combined with provincial level school 
indicators of pupil/teacher ratio and expenditure per pupil at the primary school level that are 
calculated based on provincial statistics from various sources, including The China Compendium 
of Statistics (CCS) 1949-2008, The China Educational Finance Statistical Yearbook 1993-2006, 
and Regional Chronicles, as noted above. 
The Chinese General Social Survey 




of China’s urban and rural households aimed at systematically monitoring the changing 
relationship between social structure and quality of life in urban and rural China. It is conducted 
jointly by Hong Kong University of Science and Technology’s Survey Research Center and the 
Sociology Department of People’s University of China (Renda).  
CGSS uses a four-stage stratified sampling scheme with unequal probabilities. The 
primary sampling units at each stage from high to low are districts and counties, town seats and 
city sub-districts, neighborhood and village committees, and eventually households. Specifically, 
a total of 2,801 county- or district-level units in China, including 22 provinces, 4 autonomous 
regions, and 4 provincial-level municipalities, are recognized as primary sampling units and 
comprise the population.5 The Chinese General Social Survey (CGSS) provides information on 
all Mainland Chinese provinces except Tibet, specifically 2,801 county-level units in China, 
including 22 provinces, 4 autonomous regions, and 4 municipalities.  
The CGSS asks individuals whether they have experienced any household registration 
changes, meaning whether they have moved from other places to their current region of 
residence. This entry thus permits this study to exclude migrants from the sample and correctly 
match the individuals who resided for life in the current province to the school characteristics of 
this specific province when they were of school age. In addition to commonly used 
education/earnings related variables (level of education, annual wage, working hours per week, 
party affiliation, sector of employment, minority, urban/rural, etc.), the CGSS also asks 
respondents about their family background information, such as parental education levels and 
parental income, information which is used in the present study to control for omitted variable 
biases in the estimations. Furthermore, the CGSS questionnaire includes information for starting 
and ending years of individuals’ working experiences, thereby allowing for a more direct and 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  




accurate control for workers’ years of experience. 
The 2003, 2005, 2006 and 2008 waves are currently available for public use, with about 
10,000 individual observations from both urban and rural areas of China. However, only about 
one quarter of the 10,000 observations are valid cases (individuals with non-farming job and 
earning a wage) so that it is necessary to combine several waves of the CGSS series to achieve 
an optimal sample size for each province and cohort. 6 In this study, the most recent 2008 wave is 
combined with the earlier 2005 and 2006 waves to form the sample of analysis. The 2003 wave 
covers urban areas only because of initial funding problems and hence is excluded from the 
combined sample. 
China Health and Nutrition Survey 
China Health and Nutrition Survey (CHNS) is an ongoing open-cohort, international 
collaborative project between the Carolina Population Center at the University of North Carolina 
at Chapel Hill, the National Institute of Nutrition and Food Safety, and the Chinese Center for 
Disease Control and Prevention. Although the main focus of the CHNS project is health, it does 
provide valuable information on individual earnings and educational attainment levels.  
More crucial for the present research, the CHNS not only has information on individuals’ 
region of residence, but also asks individuals about their birth province information. This serves 
to facilitate relating individual earnings characteristics to school quality indicators when the 
individuals attended schools in their birth provinces. 
About 4,400 households covering some 26,000 individuals participated in the overall 
survey; most of the households were followed up in subsequent waves because the first panel 
was collected in 1989, with seven additional panels collected in 1991, 1993, 1997, 2000, 2004, 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  




2006, and 2009. The present study combines the most recent 2009 wave with the earlier 2006 
and 2004 waves. In addition to its extended time span, the CHNS survey covers nine provinces 
that vary substantially in geography, economic development, and public resources. Two of these 
are dynamic high-growth provinces in China’s east coastal region (Jiangsu and Shandong); two 
are located in the northeast (Liaoning and Heilongjiang – Liaoning being heavily industrialized); 
three are located in the middle region (Henan, Hubei, and Hunan); and two are in the southwest 
with concentrated populations of ethnic minorities (Guangxi and Guizhou).  
A multi-stage, random cluster process is used to draw the samples surveyed in each of the 
provinces. Counties in the nine provinces are stratified by income (low, middle, and high), and a 
weighted sampling scheme is used to randomly select four counties in each province. In addition, 
the provincial capital and a lower-income city are selected according to feasibility. Villages and 
townships within the counties and urban and suburban neighborhoods within the cities are 
selected randomly.  
Again, for reasons listed under the CGSS dataset, this dissertation combines the 2009 
CHNS wave with the 2006 and 2004 waves.  
The Chinese Household and Income Project 
The third earnings dataset is taken from the Chinese Household Income Project (CHIP) 
of 2002. The CHIP is supported by the Ford Foundation, the Asian Development Bank, China’s 
Academy of Social Sciences, and the East Asian Institute at Columbia University. The purpose 
of this project is to measure and estimate the distribution of personal income and related 
economic factors in both rural and urban areas of China. Data were collected through a series of 
questionnaire-based interviews conducted in rural and urban areas at the end of 2002. The urban 




residing in some 6,835 urban households, while the rural dataset contains 84 variables and 
37,969 individual rural household members from 9,200 rural households. 
In the data, annual earnings include regular wages, bonuses, overtime wages, in-kind 
wages, and other income from the work unit. The hourly wage rate could be calculated based on 
the reported number of working hours. The education measure includes seven degree categories, 
ranging from below elementary school to college, with years of education calculated in the usual 
way. All individual datasets include demographic variables such as household composition, 
gender, age, nationality, marital status, party membership, and educational history. In addition, 
the CHIP dataset does provide information on training and years of being employed, allowing 
experience to be controlled directly in the wage equation. 
The CHIP dataset contains more observations than a typical CGSS and CHNS wave, and 
a greater percentage of the total sample is comprised of working observations. For this reason, 
and because the last CHIP wave was from 1988, which is too distant from the other waves, the 







ANALYSIS OF DATA 
 
Six types of empirical analysis are conducted in this study: 1) descriptive statistics 
analysis to explain the data cleaning process and present general statistics of the sample; 2) the 
Card-Krueger two-stage multiple regression analysis with control variables to estimate the 
determinants of the rate of return to schooling, specifically the effect of school quality variables 
on the return to schooling; 3) evaluating any direct effect school quality may play on earnings, 
again using a pooled sample; 4) using a pooled sample to estimate the direct relationship 
between education attainment and school quality; 5) estimating quality effects on earnings in a 
reduced-form model; and 6) analysis with Heckman’s sample selection bias correction, which 
provides estimates for sub-groups, namely male and female sub samples. 
Since this study employs three different earnings datasets, the six sets of analysis outlined 
above are conducted for each of the three datasets discussed in this section. Employing the same 
empirical models to analyze all three datasets ensured that the technical explanation for the use 
of a specific methodology for the first dataset (CGSS) would also apply to the latter two (CHNS 
and CHIP), unless otherwise stated. To maintain the flow of the dissertation and avoid 
redundancy, only specific comments, comparisons with earlier datasets, and extensions from 




Computation of Key Variables 
To start evaluating the effect of school quality on the earnings-schooling relationship, the 
underlying computation of the key variables that are used in all three datasets is explained first. 
Cohort 
For reasons listed in the methodology chapter, this study builds four 10-year birth cohorts 
when examining the school quality effects on earnings: 1946-1955, 1956-1965, 1966-1975, and 
1976-1985.1 The two quality measures that are analyzed in this study, expenditure per pupil2 and 
pupil/teacher ratio, are then assigned their 10-year cohort averages for each province. The 
computation is divided into two steps: 1) individuals who were born in the year 1950 would have 
first attended school at the age of 6 in 1956, and remained in the primary school for the 
following 6 years; therefore, their school quality values would be represented by average quality 
statistics over 6 years starting from 1956 and finishing in 1961. By doing the same for the 
remaining nine birth years within the cohort, each individual in the cohort would be assigned 
their school quality values. 2) Because the analysis is carried out by cohort, the quality values 
assigned to each birth year are averaged over the 10-year birth cohort period for each 
corresponding cohort. This is the way the two school quality measures for each birth cohort are 
computed, and the analysis is carried out for each province as well.  
  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1The cohort analysis is a key part of the first model, the two-step method to evaluate the effect of school 
quality on the rate of return to schooling. However, it is also used to check the robustness of results in other models 
that used a pooled sample. 
 
2As briefly mentioned, expenditure per pupil for each year and province is adjusted to a 2005 price by the 
Consumer Price Index (CPI) for each province, which is available in The China Compendium of Statistics. 
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Log of Hourly Wage 
According to standard practice in empirical labor economics models, the natural 
logarithm of hourly wage is computed and used as the dependent variable in all of the ensuing 
analyses. However, because the data are pooled for the 2004, 2006, and 2009 waves of the 
CHNS dataset, and the 2005, 2006, and 2008 waves of the CGSS dataset, the nominal wages 
across these years are not comparable. To cope with this problem, the nominal wage data for 
each province are price-adjusted in 2004, 2006, 2008, and 2009 to convert them to the same base 
year of 2005,3 taking into consideration of price changes over the years in the same province. 
Although the CHIP dataset used does not involve a combination of adjacent waves, the wage 
rates in the 2002 wave are converted into 2005 price for consistency and easy comparison. 
The hourly wage rate can be calculated from the annual wage (or in some cases, monthly 
wage) provided in the survey questionnaires with the working hours also supplied by the surveys. 
For the CGSS dataset, the 2008 survey asks individual about their annual wage and weekly 
working hours, while the 2005 and 2006 waves ask individuals about their monthly wage and 
weekly working hours. Therefore, in the case of the 2008 wave, the log of hourly wage is 
calculated by: ln ℎ𝑟𝑤𝑎𝑔𝑒 = ln(𝑎𝑛𝑛𝑢𝑎𝑙𝑤𝑎𝑔𝑒/52/ℎ𝑟𝑝𝑒𝑟𝑤𝑒𝑒𝑘), and for the 2005 and 2006 
waves, ln ℎ𝑟𝑤𝑎𝑔𝑒 = ln(𝑚𝑜𝑛𝑡ℎ𝑤𝑎𝑔𝑒×12/52/ℎ𝑟𝑝𝑒𝑟𝑤𝑘). In turn, for CHNS, the survey 
questions ask respondents for their monthly wage, working days in a week, and working hours in 
a day, which enables calculating a log hourly wage in a similar fashion: ln ℎ𝑟𝑤𝑎𝑔𝑒 = ln(𝑚𝑜𝑛𝑡ℎ𝑤𝑎𝑔𝑒×12/52/𝑑𝑎𝑦𝑝𝑒𝑟𝑤𝑘/ℎ𝑟𝑝𝑒𝑟𝑑𝑎𝑦). Lastly, the CHIP questionnaire 
includes questions on annual wage, working months, working days per month, and working 
hours per day; hence, ln ℎ𝑟𝑤𝑎𝑔𝑒 = ln(𝑎𝑛𝑛𝑢𝑎𝑙𝑤𝑎𝑔𝑒/𝑚𝑜𝑛𝑡ℎ/𝑑𝑎𝑦𝑝𝑒𝑟𝑚𝑜𝑛𝑡ℎ/ℎ𝑟𝑝𝑒𝑟𝑑𝑎𝑦). 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3This study uses 2005 as the base year, as 2005 is more likely to be the mid-point of all of our waves, 
especially when taking the CHIP 2002 wave into consideration. 
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To focus on wage determination in the labor market, the sample is restricted to workers 
who were engaged in wage employment. In addition, the analysis excludes corporate and self-
business owners from the sample because it is difficult to differentiate their regular wages from 
profit earnings. Furthermore, in accordance with standard practice, the following groups are also 
excluded from the analysis: retirees, students, and household workers, all persons aged 15 or 
younger (China’s Labor Law sets the minimum working age at 16), and respondents who 
provided incomplete information on wage, education or household composition. The dependent 
variable used in the wage equations is the log of hourly cash wages received from the main job. 
Earnings from secondary jobs and non-monetary benefits are excluded from the analysis. Main 
job wages exclude subsidies and bonuses.4 
Years of Education 
To estimate the rate of return to schooling, education measured by schooling levels are 
converted into a particular number of schooling years. CGSS and CHIP surveys specifically 
report respondents’ years of education; thus, the conversion is only applied to the CHNS dataset. 
Based on methodologies from other studies, schooling years are assigned as follows: master’s 
degree or higher (19 years), university (16 years), professional school (3-year college, 15 years), 
middle-level professional or technical school (13 years), upper middle school (12 years), lower 
middle school (9 years), elementary school (6 years), and below elementary school (2 years). 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4Some studies have argued that the regular wage should include bonuses and other work-related income 
and subsidies, as it is well known that in China these incomes are important in determining actual earnings and are 
highly related to years of education, given that highly educated individuals tend to secure jobs that offer more 
benefits than a regular wage rate. However, when the regressions below were run with wages including subsidies 




Length of on-the-job training is not directly reported in any of the datasets. However, an 
experience variable is indirectly computed. For instance, the CGSS and CHIP surveys ask 
respondents for the year of their first employment, thus allowing working experience to be 
calculated by subtracting the year of first employment from the survey year. The CHNS surveys 
do not have such information; hence, the experience or tenure variable is computed by 
subtracting years of education from age minus 6: 𝐸𝑥𝑝 = 𝑎𝑔𝑒 − 𝑒𝑑𝑢𝑐 − 6, because it is assumed 
individuals first attended school at the age of 6.5 Moreover, experience squared is also included 
in the equation as usual, to account for the well-documented diminishing returns to experience. 
Regional Dummy Variables 
In order to account for variations in rates of return to schooling that are connected to local 
labor market conditions, a set of regional dummy variables are added to the first-stage equations 
in the Card-Krueger model. 
According to general practice, the 31 Chinese provincial level divisions are regularly 
divided into three regions through economic and geographical considerations: East (mainly 
coastal and high-income provinces), Central (inland provinces), and West (mountainous, less 
densely populated and less developed provinces). The specific provinces included in each region 
are listed in Table 2 below. 
School Quality Variables 
Each of the three earnings datasets in this dissertation is linked with provincial school 
quality averages calculated based on statistics from a number of publications. Table 1 shows that 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5It should be noted that because no one can legally work below the age of 16, the year of education variable 
(for the purpose of this calculation only) needs to start from 10, with 0-9 years of schooling coded to 10. 
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China has 22 provinces, 5 autonomous administrative regions, and 4 municipalities, (excluding 
Hong Kong, Macau, and Taiwan). Each assigned cohort is averaged for pupil/teacher ratio and 
education expenditure per pupil at the primary school level for individuals born in four 10-year 
cohorts from 1946 through 1985. Five of the 31 provincial-level administrative regions are not 
independently examined for reasons noted below Table 1. 
Having established how the two main quality measures are obtained, it is important to 
remember that the hypothesis to be examined below is that reductions in the pupil/teacher ratio 
improve the quality of classroom instruction and hence lead to higher rates of return to schooling 
or higher levels of earnings in general; in addition, it is hypothesized that higher education 
expenditure per pupil enables schools to increase or improve provision in general, for example 
the increased funds can be used to purchase better school facilities, or recruit and retain better 
teachers and so on, leading to improved classroom instruction as well that will generate higher 
returns to schooling or higher levels of earning. 
As is surveyed in the Literature Review Chapter, many researchers, including Morgan 
and Sirageldin (1968), Johnson and Stafford (1973), Wachtel (1976), Rizzuto and Wachtel 
(1980), and Hanushek (1995, 1996 and 2008) have used expenditure per pupil as an index of 
school quality. However, quality of education may be more directly correlated with pupil/teacher 
ratio and teacher salaries than to total expenditure per pupil. As noted by Welch (1966) and Card 
and Krueger (1992), “roughly 60% of total education expenditures go to instructional salaries, 
and since the per-­‐capita expenditure on instructional salaries is simply the ratio of average 
teacher wage to pupil/teacher ratio, differences in teacher salaries and pupil/teacher ratio may 




Averages of School Quality Variables for Cohorts Born in 1946-1955, 1956-1965, 1966-1975, 
and 1976-1985 (Male and Female, Urban and Rural Combined) 
 
















Beijing 34.69 29.15 20.82 17.77 213.66 228.86 489.64 862.99 
Tianjin 38.5 32.44 19.52 17.69 127.25 109.45 204.73 532.88 
Hebei 38.32 32.49 28.18 26.13 62.22 47.75 53.09 151.98 
Shanxi 32.81 29.21 26.42 19.28 61.12 69.23 90.62 281.89 
Inner 
Mongolia 33.28 27.97 23.74 16.38 100.17 74.83 118.43 369.14 
Liaoning 38.01 34.82 27.7 19.95 83.52 73.36 123.14 353.21 
Jilin 34.41 30.6 26.39 19.83 91.28 80.86 120.22 343.33 
Heilongjiang 33.81 31.08 25.77 19.66 92.66 83.68 98.64 290.87 
Shanghai 37.39 28.47 18.7 18.39 191.73 190.74 444.27 982.33 
Jiangsu 34.68 31.52 30.08 24.06 63.13 64.67 88.69 282.35 
Zhejiang 34.45 31.37 28.47 26.23 75.73 67.94 94.98 317.19 
Anhui 34.77 27.98 28.38 24.79 64.18 69.87 64.74 140.90 
Fujian 30.37 28.72 26.69 23.46 69.28 79.63 113.58 307.65 
Jiangxi 31.71 28.1 25.98 22.26 64.29 53.29 61.07 173.28 
Shandong 33.2 28.28 26.08 21.23 53.66 48.98 56.29 188.80 
Henan 34.06 30.14 26.24 23.8 48.59 45.27 41.14 126.73 
Hubei 32.53 29.53 25.69 22.05 61.87 54.69 54.09 154.01 
Hunan 33.59 30.89 28.07 23.61 81.71 75.62 73.90 229.88 
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Table 1 (continued) 
















Guangdong 29.59 29.95 27.75 26.46 91.08 83.42 99.78 306.29 
Guangxi 33.92 29.15 26.28 27.67 82.98 78.23 130.60 270.78 
Hainan* … … … … … … … … 
Chongqing* … … … … … … … … 
Sichuan 34.45 32.96 32.12 24.28 67.18 74.42 93.62 244.25 
Guizhou 33.96 28.52 26.69 27.22 57.19 63.29 96.00 191.06 
Yunnan 39.41 30.42 26.33 26.95 57.75 76.75 134.11 342.97 
Tibet*** … … … … … … … … 
Shaanxi 35.92 30.13 24.57 21.18 67.46 57.86 81.22 184.50 
Gansu 35.86 26.93 25.96 20.72 101.65 91.15 113.30 271.98 
Qinghai** 34.35 28.03 24.11 19.36 100.68 155.44 212.75 417.29 
Ningxia** 33.4 27.01 26.73 25.46 109.24 146.17 186.23 310.85 
Xinjiang 33.38 25.52 22.57 20.03 104.27 110.08 203.45 540.26 
*Chongqing and Hainan are excluded from the analysis due to their recent establishments. Chongqing was separated 
from Sichuan Province and established as a provincial level municipality in 1998, after individuals in the last cohort 
(1976-1985) exited primary school in 1996. In light of this, where available, observations from Chongqing are 
merged into Sichuan Province (CGSS and CHIP). Similarly, Hainan was separated from Guangdong Province and 
established as an independent province in 1988. Unlike Chongqing, this affected the assignment of quality averages 
for the last cohort. However, population density in Hainan is relatively low compared with other Chinese provinces, 
with a total population of 8.67 million in 2010, which ranks 28th out of the 31 provinces (China Statistical Yearbook, 
2011). Therefore, the limited population sampled in the CGSS dataset (only dataset includes Hainan) in Hainan for 
the cohort born between 1976-1985 precludes any meaningful estimation for this province. 
 
**Qinghai Province and Ningxia Hui Autonomous Region are excluded from the analysis of the CGSS dataset 
(again, the only dataset that surveys Qinghai and Ningxia), as there are too few wage-earner observations by cohort 
in these two regions to obtain any meaningful estimates for their respective rate of return to schooling. 
 




Although it may be preferable to use additional school quality indicators, such as teacher 
wage or other more specific quality measures to conduct this study, expenditure per pupil and 
pupil/teacher ratio are the only two quality indicators available by province and over time. Since 
a large portion of expenditure per pupil is linked to class size reduction, a strong correlation 
between these two variables is suspected. However, since China’s education policy strongly 
emphasizes increasing education expenditure in general, and this is the first study to examine an 
education quality effect in China, it makes sense to include both expenditure per pupil and 
pupil/teacher ratio as measures of school quality. Given the potentially strong correlation 
between the two school quality variables though, the analysis proceeds to evaluate the effects of 
expenditure per pupil and pupil/teacher ratio independently, with the two variables introduced 
into the empirical equations sequentially. This procedure may make the most economic and 
econometric sense. 
The Effects of School Quality on the Rate of Return to Schooling 
The first set of analyses focused on finding the effect of school quality on the rate of 
return to schooling, essentially using the first model, based on equations (4.3) and (4.4) from the 
methodology section. Results from the three datasets on the basis of this specification are 
compared and analyzed, and are also subjected to extended empirical scrutiny in order to verify 
the robustness of the findings.  
Description of Variables 
To establish consistency and enable easy comparison of results, a similar set of variables 
is used in the first-stage regression equation for all three datasets. The variable definitions are 




Definitions of Variables 
Variable           Definition 
Log Hourly Wage Natural logarithm of hourly wage 
Schooling Years of schooling 
Experience On-the-job training in years 
Experience2 On-the-job training squared 
Ethnicity 1 for Han, 0 for others 
Urban 1 for Urban observations, 0 for Rural 
Gender 1 for Male, 0 for Female 
Marriage 1 for Married, 0 for others 
Party 1 for Communist Party members, 0 for others 
Dpchilren* Number of children under 18 years of age in the household 
Cohort1** 1 for born in 1946-1955, 0 for others 
Cohort2 1 for born in 1956-1965, 0 for others 
Cohort3 1 for born in 1966-1975, 0 for others 
Cohort4 1 for born in 1976-1985, 0 for others 
Beijing 1 for Beijing, 0 for others 
Tianjin 1 for Tianjin, 0 for others 
Hebei 1 for Hebei, 0 for others 
Shanxi 1 for Shanxi, 0 for others 
Inner Mongolia 1 for Inner Mongolia, 0 for others 
Liaoning 1 for Liaoning, 0 for others 
Jilin 1 for Jilin, 0 for others 
Heilongjiang 1 for Heilongjiang, 0 for others 
Shanghai 1 for Shanghai, 0 for others 
Jiangsu 1 for Jiangsu, 0 for others 
Zhejiang 1 for Zhejiang, 0 for others 
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Table 2 (continued) 
Variable            Definition 
Anhui 1 for Anhui, 0 for others  
Fujian 1 for Fujian, 0 for others 
Jiangxi 1 for Jiangxi, 0 for others 
Shandong 1 for Shandong, 0 for others 
Henan 1 for Henan, 0 for others 
Hubei 1 for Hubei, 0 for others 
Hunan 1 for Hunan, 0 for others 
Guangdong 1 for Guangdong, 0 for others 
Guangxi 1 for Guangxi, 0 for others 
Sichuan 1 for Sichuan, 0 for others 
Guizhou 1 for Guizhou, 0 for others 
Yunnan 1 for Yunnan, 0 for others 
Shaanxi 1 for Shaanxi, 0 for others 
Gansu 1 for Gansu, 0 for others 
Xinjiang 1 for Xinjiang, 0 for others 
Region1*** 1 for Inner Mongolia, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, and 
Xinjiang, 0 for others 
Region2*** 1 for Hebei, Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, 
Hunan, and Guangxi, 0 for others 
Region3*** 1 for Beijing, Tianjin, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, 
Shandong, and Guangdong, 0 for others 
 
*Dpchildren only applies to the women sample when adopting the Heckman correction procedure. 
 
**Cohort1 often acts as the reference category and is ignored in the regression, when cohort dummies are included 
in second-stage regressions. 
 
***Region dummies may be comprised of different provinces according to their availabilities in different earnings 
datasets. However, assignments of each province to the three regions are consistent. In addition, region1 often acts 




Analysis with the Chinese General Social Survey (CGSS) 
 
Table 3 
Descriptive Statistics for Variables, CGSS 
Variables All Married Men Married Women 
Log Hourly Wage 1.7021 (0.8253) 1.7642 (0.8071) 1.5448 (0.8273) 
Schooling 11.2106 (3.2317) 10.9216 (3.1507) 11.0033 (3.2364) 
Experience 17.3191 (10.4125) 20.5793 (9.9189) 17.6104 (8.9243) 
Experience2 408.3552 (414.4873) 521.863 (447.4994) 389.7349 (350.4832) 
Ethnicity 0.9497 (0.2185) 0.9561 (0.2050) 0.9486 (0.2208) 
Urban 0.9008 (0.2990) 0.8792 (0.3260) 0.9169 (0.2761) 
Gender 0.5735 (0.4946) … … 
Marriage 0.8100 (0.3924) … … 
Party 0.1472 (0.3543) 0.2193 (0.4139) 0.0919 (0.2889) 
Dpchilren … … 0.8338 (0.6056) 
Beijing 0.0557 (0.2293) 0.0482 (0.2142) 0.0589 (0.2354) 
Tianjin 0.0585 (0.2348) 0.0561 (0.2302) 0.0534 (0.2250) 
Hebei 0.0435 (0.2041) 0.0470 (0.2116) 0.0463 (0.2103) 
Shanxi 0.0140 (0.1175) 0.0168 (0.1284) 0.0150 (0.1217) 
Inner Mongolia  0.0196 (0.1385) 0.0272 (0.1625) 0.0121 (0.1094) 
Liaoning 0.0358 (0.1859) 0.0342 (0.1817) 0.0422 (0.2010) 
Jilin 0.0186 (0.1350) 0.0192 (0.1373) 0.0205 (0.1416) 
Heilongjiang 0.0310 (0.1733) 0.0381 (0.1916) 0.0259 (0.1588) 
Shanghai 0.0650 (0.2465) 0.0528 (0.2236) 0.0668 (0.2497) 
Jiangsu 0.0557 (0.2293) 0.0570 (0.2320) 0.0614 (0.2401) 
Zhejiang 0.0293 (0.1686) 0.0275 (0.1634) 0.0334 (0.1797) 
Anhui 0.0414 (0.1922) 0.0427 (0.2022) 0.0422 (0.2010) 
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Table 3 (continued) 
Variables All Married Men Married Women 
Fujian 0.0320 (0.1760) 0.0293 (0.1686) 0.0280 (0.1649) 
Jiangxi 0.0158 (0.1249) 0.0186 (0.1352) 0.0134 (0.1148) 
Shandong 0.0588 (0.2353) 0.0659 (0.2481) 0.0555 (0.2291) 
Henan 0.0508 (0.2197) 0.0586 (0.2349) 0.0526 (0.2233) 
Hubei 0.0356 (0.1852) 0.0354 (0.1848) 0.0405 (0.1972) 
Hunan 0.0383 (0.1918) 0.0333 (0.1793) 0.0430 (0.2029) 
Guangdong 0.0968 (0.2957) 0.0888 (0.2844) 0.0864 (0.2811) 
Guangxi 0.0384 (0.1922) 0.0305 (0.1720) 0.0413 (0.1991) 
Sichuan 0.0455 (0.2085) 0.0451 (0.2077) 0.0501 (0.2182) 
Guizhou 0.0223 (0.1476) 0.0241 (0.1534) 0.0159 (0.1250) 
Yunnan 0.0234 (0.1512) 0.0241 (0.1534) 0.0259 (0.1588) 
Shaanxi 0.0407 (0.1976) 0.0415 (0.1994) 0.0413 (0.1991) 
Gansu 0.0188 (0.1360) 0.0223 (0.1476) 0.0163 (0.1266) 
Xinjiang 0.0147 (0.1204) 0.0159 (0.1250) 0.0117 (0.1075) 
Region1 0.1850 (0.3884) 0.2001 (0.4002) 0.1733 (0.3786) 
Region2 0.3274 (0.4693) 0.3401 (0.4738) 0.3407 (0.4740) 
Region3 0.4876 (0.4999) 0.4597 (0.4985) 0.4860 (0.4999) 
N 7001 3278 2395 
 
Note: Numbers in parentheses denote standard deviations. 
 
As outlined above, the effect of school quality on the rate of return to schooling is first 
examined using the entire CGSS sample by employing Card and Krueger’s (1992) two-step 
method, the first model written by equations (4.3) – (4.4). The first-stage regression includes the 
natural logarithm of hourly wage as the dependent variable, and experience, experience squared, 
ethnicity, urban, marriage, party, and gender as the usual exogenous variables. In addition, 
regional dummies are included in the equation to account for regional differences (labor market 
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and other social background differences) that are not accounted for by these control variables. 
More important, however, a set of interaction terms interacting with each province dummy with 
the years of schooling variable is included in the estimating equation. According to Table 3, with 
the CGSS dataset, there is a set of 26 province dummies available, which is by far the dataset 
that covers the most provinces.  
The estimated rates of return to schooling (coefficients for the province-specific 
interaction with schooling) are obtained by running four cohort-specific regressions fitted on 
individual level data on a log hourly wage (at 2005 prices) for the combined CGSS sample. The 
estimated rates of return and their estimated standard errors from the first-stage estimation, along 
with cohort averages, are presented in Table 4.  
Although the rates of return to schooling estimates are obtained from a rather 
parameterized model, with 35 explanatory variables for each cohort, the estimates are relatively 
precise, as the standard errors are shown to be around 1% for most provinces. In addition, there 
seems to be a large variation for return to schooling estimates across province and cohort, as the 
lowest estimate is about 5% (Liaoning, Cohort 1), while the highest is more than 16% (Shanghai, 
Cohort 4), three times the former.  
Consistent with the literature, the average rate of return to schooling is on average lower 
for older workers (Cohort 1: 9.67%) than for younger workers (Cohort 4: 10.96%), although the 
second cohort sports an average estimate that is even lower than the first cohort, probably as the 
result of the negative impact of the Cultural Revolution (1966-1976) on education. The impact of 
Cultural Revolution on education is not a focus of the present study, as it complicates an already 
complex issue in the effect of school quality on the earning-schooling relationship, which first 




Estimated Percentage Rates of Return to Schooling by Province and Cohort, CGSS 
 Estimated Rates of Return to Schooling for Cohort Born in 
1946-1955 1956-1965 1966-1975 1976-1985 
Beijing 9.54 (1.61) 10.83 (0.95) 12.94 (0.82) 14.70 (0.82) 
Tianjin 7.63 (1.73) 6.15 (1.03) 10.24 (0.82) 11.71 (0.82) 
Hebei 16.19 (2.16) 11.53 (1.14) 11.12 (0.94) 11.08 (1.04) 
Shanxi 10.33 (2.71) 9.24 (1.41) 8.96 (1.34) 10.27 (1.70) 
Inner Mongolia 11.48 (2.99) 8.01 (2.05) 12.54 (1.34) 11.45 (1.49) 
Liaoning 4.82 (2.12) 5.07 (1.16) 7.41 (0.91) 10.19 (0.99) 
Jilin 10.26 (2.21) 6.99 (1.53) 8.27 (1.02) 7.00 (1.35) 
Heilongjiang 13.39 (2.90) 8.29 (1.43) 9.02 (1.06) 9.19 (1.25) 
Shanghai 10.60 (1.55) 11.95 (0.96) 14.35 (0.88) 16.21 (0.79) 
Jiangsu 11.01 (1.70) 9.58 (1.09) 11.03 (0.87) 12.27 (0.87) 
Zhejiang 9.99 (2.22) 11.76 (1.32) 13.20 (0.95) 14.05 (1.08) 
Anhui 11.67 (2.20) 9.18 (1.26) 10.83 (1.04) 10.84 (1.09) 
Fujian 11.06 (2.46) 8.04 (1.21) 9.49 (0.99) 12.72 (0.98) 
Jiangxi 10.64 (2.49) 8.89 (1.51) 9.81 (1.43) 9.42 (1.32) 
Shandong 5.52 (1.92) 6.67 (1.11) 10.68 (0.88) 10.69 (0.90) 
Henan 8.17 (1.97) 8.66 (1.22) 7.89 (0.93) 7.96 (1.12) 
Hubei 6.29 (2.31) 9.60 (1.33) 10.69 (1.01) 11.61 (1.06) 
Hunan 10.14 (2.35) 10.85 (1.21) 10.02 (0.96) 11.15 (1.05) 
Guangdong 7.58 (1.70) 8.53 (1.05) 11.19 (0.83) 13.63 (0.85) 
Guangxi 9.40 (2.95) 9.32 (1.32) 9.06 (1.11) 9.45 (1.12) 
Sichuan 9.02 (2.73) 7.49 (1.60) 10.55 (1.15) 10.28 (1.26) 
Guizhou 5.97 (2.88) 8.68 (1.69) 11.13 (1.16) 10.61 (1.31) 
Yunnan 9.84 (2.85) 9.66 (1.61) 11.05 (1.15) 10.04 (1.32) 
Shaanxi 10.17 (2.61) 9.21 (1.41) 10.03 (1.07) 10.13 (1.25) 
Gansu 6.51 (3.34) 8.28 (1.61) 9.84 (1.24) 8.62 (1.51) 
Xinjiang 14.18 (3.36) 10.14 (1.84) 9.99 (126) 9.67 (1.31) 
Mean 9.67 (2.39) 8.95 (1.35) 10.44 (1.04) 10.96 (1.14) 
 




Cultural Revolution on education are still inconclusive; therefore it is reasonable to leave 
Cultural Revolution, and its effect on school quality to another study in the future. 
The ensuing Table 5 presents the second-stage regression results for a number of models 
fitted to the estimated rates of return from the first-stage that are presented in Table 4. All 
second-stage models are estimated by weighted least squares, using the inverse sampling 
variances of the estimated returns as weights. The first set of models, presented in column 1-4, 
includes only the quality variables and cohort dummies. However, it could be argued that the 
quality variables are merely picking up the effects of other provincial level characteristics that 
may be correlated with earnings. Hence, to isolate a distinct school quality effect, in the second 
set of models, in column 5-9, a set of 25 unrestricted provincial fixed effects are added by 
including 26 province dummies (one of which acted as the reference category). This procedure 
of including provincial fixed effects to account for provincial level background characteristics is 
made possible by the availability of time variation in the datasets. 
The model in column 1 includes only cohort dummies; they alone explain about 27% of 
the variance (weighted) in returns to schooling. The two quality variables are introduced 
independently into the regression model in columns 2 and 3, and are jointly included in column 5. 
Individually, both variables are strongly correlated with returns to schooling, with t-statistics of 
2.41 and 6.83 for pupil/teacher ratio, and log of expenditure per pupil, respectively. When both 
quality variables are entered jointly, however, the effect of pupil/teacher ratio shifts sign and 
becomes insignificant, presumably as a result of the multi-collinearity existing between the two 
quality variables. This has confirmed the initial hypothesis that the two quality measures may not 






Determinants of Percentage Rate of Return to Schooling, CGSS 
 Excluding Provincial Fixed Effect Including Provincial Fixed Effects 








































Cohort3 0.94   (0.67) 
-0.24  
(0.82) 
0.52   
(0.56) 




0.49   
(0.71) 
0.54   
(0.52) 
0.50   
(0.70) … 
Cohort4 1.97*** (0.68) 














R2 0.266 0.307 0.496 0.505 0.740 0.744 0.756 0.756 0.713 
 
Note: Standard errors are presented in parentheses. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level 
 
When provincial fixed effects are introduced in the second set of models, the estimated 
coefficient of pupil/teacher ratio is smaller in absolute value and statistically insignificant when 
entered individually. The inclusion of provincial fixed effects, however, does not alter the 
estimated coefficient of log of expenditure per pupil, which remains significant at the 5% 
significance level. When the two quality variables are included jointly (in column 8), the 
estimated coefficient of the pupil/teacher ratio falls to zero. Again, this is evidence that only one 




The magnitudes of the estimated school quality coefficients suggest a quantitatively 
important effect of school quality on the returns to schooling, especially for quality that is 
measured by log of expenditure per pupil. For example, the estimate in column 7 shows that a 10% 
increase in expenditure per pupil is predicted to raise the rate of return to schooling by roughly 
0.18%. However, contrary to Card and Krueger (1992), two of the three cohort dummies are 
significant, and their omission seems to lead to an understatement of the quality effects. For 
example, when the cohort effects are excluded in column 9, the coefficient of the log of 
expenditure per pupil variable decreased to 1.23. 
Furthermore, an F-test is conducted to test the joint significance of the province effects 
(with 24 degrees of freedom). A p-value of zero resolutely rejects the null hypothesis that 
provincial fixed effects are jointly zero. This suggests that there are some important provincial 
level determinants of the return to schooling. Therefore, to incorporate in more detail the role of 
provincial effects, and in order to further isolate a distinct school quality effect, additional 
variables are added to the equations to control for other provincial level characteristics that may 
affect returns to schooling.  
Table 6 summarizes the main findings. Province-specific effects are included in all the 
models in this case, and the two measures of school quality are included individually in columns 
1-4 and 2-8, respectively, and jointly with all the added control variables in column 9. In 
comparison to the results from the second set of models (column 5-9) in Table 5, the estimated 
coefficients of the school quality variables are largely unaffected by the addition of provincial 
level environmental variables, including log per-capita income, mean father’s educational level 
in years, and urban/rural ratio for each province and cohort.6 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6Computations of provincial level variables are explained in Appendix A. 
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A number of previous studies, including Coleman et al. (1966), find a strong association 
between family background factors, such as parental education and income, and student 
performance on standardized tests. In the present study with school quality, it could be argued 
that family background characteristics may be correlated with the school quality measures. 
Furthermore, if these family characteristics change substantially over time within provinces so 
that the province dummies do not absorb them, the estimated effect of school quality and family 
background variables may be confounded. Therefore, to address the effect of family background 
characteristics on returns to schooling in this set of analyses, father’s education level is added as 
a variable (the results are largely unchanged if mother’s education level is used instead; hence, 
results with mother’s education are not reported), the results are reported in Table 6 along with 
other provincial background control variables. 
One advantage of using survey data over census data (which Card & Krueger 1992 used) 
is that survey data on earnings in China normally contain direct information on the education of 
the individuals’ parents. To control for differences in parental education, father’s education is 
averaged over all individuals belonging to the same province and cohort. In addition, the 
equation includes the log of real per-capita income in the province at the time the cohorts in the 
sample entered school. As results from Table 6 show, none of the added background variables 
seems to be a significant predictor of rate of return to schooling, whether they are entered jointly 
or independently. This could suggest that most of the provincial background effects are captured 




Additional Determinants of Percentage Rate of Return to Schooling, CGSS 
 Provincial Fixed Effects Estimates 
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Cohort4 1.06 (13.12) 
















R2 0.760 0.767 0.765 0.771 0.771 0.778 0.773 0.783 0.783 
 
Note: Standard errors are presented in parentheses. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level.  
 
In sum, even after controlling for other provincial level background characteristics, both 
quality coefficients remain significant determinants of the rate of return to schooling (the 
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coefficient on pupil/teacher ratio is significant at about 10% significance level), with the 
expected signs. 
Analysis with China Health and Nutrition Survey (CHNS) 
The same set of analyses is conducted for the CHNS sample. The results are reported in 
this sub-section. The estimation results are compared with those in the previous section; 
necessary differences in variables and specifications are pointed out and explained in the 
following discussion. 
The key variable choices for analysis with CHNS are almost identical to CGSS, except 
that a dummy variable “Hukou” is added to account for urban/rural Hukou registration status and 
a set of “metro” dummies. These two sets of variables replace the “urban” residence dummy 
used in the previous analysis with CGSS, as the indicator variable “metro” contains more 
detailed information on respondents’ residence areas than “urban”. Four metro dummies are 
recoded from the categorical metro variable, each accounting for costs of living in rural villages, 
township, suburban, and urban areas, and to a certain extent, non-pecuniary differences between 
these areas as well.7 Furthermore, a more detailed variable on individual’s area of residence 
enables the inclusion of the Hukou variable, which appears to significantly affect wages in 
previous studies on China.8  
The addition of the metro dummies is intended to compensate partially for the inability of 
provincial averages to reflect intra-provincial differences in education quality in different areas 
within provinces, thus helping reduce the error variances of the quality variables. Furthermore, 
since metro is less correlated with Hukou registration than the urban variable from the CGSS 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7A variable separating urban from suburban and town from village is not available in the CGSS dataset. 
 
8In the CGSS dataset, where only the urban residence dummy is available, a strong correlation (0.5) 
between urban residence dummy and Hukou registration dummy prevents the inclusion of both variables. 
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sample, it allows the study to account for both a residence effect and the possible impact of 
Hukou registration on earnings. Finally, party affiliation is not controlled for in the CHNS 
regressions, as CHNS contains no information on political party orientation.9 
To avoid redundancy, the definitions of variables from the CHNS dataset that have not 
appeared in the CGSS are presented in Table 7, and descriptive statistics of the key variables for 
CHNS are presented in Table 8, with mean statistics for married men and women sub-samples 
displayed as well. 
 
Table 7 
Definitions of Variables (Extension of Table 2) 
Variable Definition 
Hukou 1 for Urban Hukou, 0 for Rural 
Metro1* 1 for Urban, 0 for others 
Metro2 1 for Suburban, 0 for others 
Metro3 1 for Town, 0 for others 
Metro4 1 for village, 0 for others 
Region1* 1 for Guizhou, 0 for others 
Region2 1 for Heilongjiang, Henan, Hubei, Hunan, and Guangxi, 0 for others 
Region3 1 for Liaoning, Jiangsu, and Shandong, 0 for others 
 
* Metro1 and Region1 are the reference categories of metro and region, respectively. 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
9As argued by a number of researchers, Communist Party affiliation may be a key determinant of earnings 
in China. However, although this study tries to add party into the regression for CGSS, it does not seem to alter the 
first-stage results of returns to schooling, primarily because, given the use of provincial level interactions, any level 
effect on earnings tends to be averaged out across provinces. Therefore, the exclusion here should not cause any 




Descriptive Statistics for Variables, CHNS 
Variables All Married Men Married Women 
Log Hourly Wage 1.6151 (0.6751) 1.7161 (0.6717) 1.4835 (0.6563) 
Schooling 10.8264 (3.0623) 10.6640 (2.9542) 10.6805 (3.1890) 
Experience 23.0937 (9.8023) 26.1294 (8.9997) 21.9697 (8.0640) 
Experience2 629.3863 (450.9345) 763.7111 (466.1508) 547.6594 (349.6438) 
Ethnicity 0.9087 (0.2881) 0.9041 (0.2945) 0.9161 (0.2773) 
Hukou 0.7168 (0.4506) 0.6935 (0.4611) 0.7416 (0.4379) 
Gender 0.5989 (0.4902) … … 
Marriage 0.8711 (0.3351) … … 
Dpchilren … … 0.5824 (0.6509) 
Metro1 0.2680 (0.4429) 0.3022 (0.4593) 0.2402 (0.4273) 
Metro2 0.2369 (0.4252) 0.2395 (0.4269) 0.2506 (0.4335) 
Metro3 0.2256 (0.4180) 0.2147 (0.4107) 0.2311 (0.4217) 
Metro4 0.2672 (0.4425) 0.2406 (0.4276) 0.2757 (0.4470) 
Liaoning 0.1296 (0.3359) 0.1403 (0.3473) 0.1184 (0.3232) 
Heilongjiang 0.1172 (0.3217) 0.1190 (0.3238) 0.1224 (0.3278) 
Jiangsu 0.1721 (0.3775) 0.1656 (0.3718) 0.1960 (0.3971) 
Shandong 0.1267 (0.3327) 0.1296 (0.3360) 0.1280 (0.3342) 
Henan 0.0773 (0.2671) 0.0797 (0.2709) 0.0720 (0.2585) 
Hubei 0.0940 (0.2918) 0.0951 (0.2934) 0.0952 (0.2936) 
Hunan 0.0959 (0.2945) 0.1017 (0.3023) 0.0742 (0.2622) 
Guangxi 0.1050 (0.3066) 0.0878 (0.2830) 0.1133 (0.3171) 
Guizhou 0.0822 (0.2746) 0.0812 (0.2731) 0.0805 (0.2721) 
Region1 0.0822 (0.2746) 0.0812 (0.2731) 0.0805 (0.2721) 
Region2 0.4894 (0.4999) 0.4833 (0.4998) 0.4771 (0.4996) 
Region3 0.4284 (0.4949) 0.4355 (0.4959) 0.4425 (0.4968) 
N 5161 2723 1765 
 




Following the CGSS analysis, the next analysis proceeds to evaluate the effect of school 
quality on the rate of return to schooling for the entire CHNS sample by employing the two-step 
method, the first model outlined by equations (4.3) – (4.4). As usual, the first-stage regression 
includes the natural logarithm of hourly wage as the dependent variable, and experience, 
experience squared, ethnicity, marriage, and gender as the usual exogenous variables. As 
explained and presented in Table 7, variable Hukou and metro (a set of 4 dummy variables, one 
of which is ignored in the regression as the reference category) are included in the first-stage 
regression as well, and the variable party is excluded because it is not available in the CHNS 
dataset. Again, regional dummies are included in the equation to account for regional differences 
that have not been accounted for by the included control variables. As shown in Table 7, the 
CHNS dataset covers only 9 provinces, which in turn allows a set of 9 province-education 
interaction terms to be included in the estimating equation. 
Four cohort specific regressions, fitted on individual-level data on log hourly wage (2005 
base year) for the combined CHNS sample, are run in the first stage. The estimated rates of 
return to schooling by province and cohort (coefficients for the provincial specific interactions 
with schooling) and their estimated standard errors are presented in Table 9. Low standard errors 
(around 1% for all provinces except Guizhou) indicate that the estimated rates of return to 
schooling are relatively precise. With fewer provinces, the range of estimates by province and 
cohort is not as extensive as for the last dataset, with Shandong in the second cohort having the 
lowest return at 5.25%, and Hunan having the highest at 13.65% for the fourth cohort. However, 
consistent with previous estimates, the average rate of return to schooling is generally lower for 





Estimated Percentage Rates of Return to Schooling by Province and Cohort, CHNS 
 Estimated Rates of Return to Schooling for Cohort Born in 
1946-1955 1956-1965 1966-1975 1976-1985 
Liaoning 6.96 (1.10) 5.32 (0.79) 9.81 (0.88) 9.82 (1.32) 
Heilongjiang 10.26 (1.19) 10.45 (0.90) 11.17 (0.79) 11.88 (1.20) 
Jiangsu 8.29 (1.25) 6.69 (0.87) 12.55 (0.88) 11.71 (1.28) 
Shandong 7.35 (1.23) 5.25 (0.83) 9.62 (0.91) 9.16 (1.28) 
Henan 8.93 (1.41) 8.08 (1.00) 8.85 (0.92) 10.33 (1.13) 
Hubei 7.87 (1.42) 8.87 (1.04) 9.86 (0.88) 11.00 (1.17) 
Hunan 10.16 (1.22) 9.29 (0.99) 11.83 (0.86) 13.65 (1.06) 
Guangxi 6.56 (1.57) 6.34 (1.06) 9.52 (0.90) 11.14 (1.17) 
Guizhou 10.09 (2.11) 8.18 (1.91) 8.19 (1.52) 8.67 (2.37) 
Mean 8.50 (1.39) 7.61 (1.04) 10.16 (0.95) 10.82 (1.33) 
 
Note: Standard errors are presented in parentheses. 
 
Table 10 presents the second-stage regression results for the two sets of models relating 
estimated rates of return from the first stage, as presented in Table 9 to school quality measures. 
Again, all the second-stage models are estimated by weighted least squares, using the inverse 
sampling variances of the estimated returns as weights. The first set of models, presented in 
column 1-4, includes only the quality variables and the cohort variables, while the second set of 
models in this case, presented in column 5-9, includes a set of 8 unrestricted provincial fixed 
effects (with province dummy for Liaoning province acting as the reference category and 




Determinants of Percentage Rate of Return to Schooling, CHNS 
 Excluding Provincial Fixed Effect Including Provincial Fixed Effects 






































































R2 0.506 0.507 0.530 0.531 0.835 0.841 0.856 0.879 0.666 
 
Note: Standard errors are presented in parentheses. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
 
The model in column 1 shows that the cohort dummies alone explain about 51% of the 
weighted variance in returns to schooling, which is much higher than the CGSS dataset (27%), 
probably as a result of the reduced sample size (9 available provinces compared with 26 
provinces in CGSS). Individually, neither quality variable is significant at the 5% significance 
level. With a t-statistic of 0.27, the pupil/teacher ratio even has the wrong expected sign. 
Expenditure per pupil in this case is more significant, and with a t-statistic of 1.26, significant at 
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around the 20% level. When both quality variables are entered jointly in column 4, they are still 
both insignificant at the 5% level, with the effect of pupil/teacher ratio diminishing further to 
almost zero.  
The second set of models with provincial fixed effects shows that although still 
insignificant, the effect of pupil/teacher ratio goes up in absolute magnitude compared to when it 
is entered alone. Estimate for expenditure per pupil in the second set of models also rises in 
magnitude and is more significant (significant at the 10% level) when the provincial fixed effect 
are included in the estimation equations.  
The magnitudes of the estimated school quality coefficients again suggest a quantitatively 
important effect of school quality on return to schooling, at least for the broad indicator, 
expenditure per pupil. For example, the estimates in column 7-9 show that a 10% increase in 
expenditure per pupil would raise the rate of return to schooling by roughly 0.15% to 4%. 
However, contrary to Card and Krueger (1992) and similar to the analysis with the CGSS dataset, 
two of the three cohort dummies are significant, and their omission seems to lead to an 
understatement of the quality effects. For example, when cohort effects are excluded in column 9, 
the coefficient of the expenditure per pupil variable decreased to 1.51. 
As before, an F-test is conducted to test the joint significance of the provincial fixed 
effects. A p-value of 0.0006 rejects the null hypothesis that province fixed effects are jointly zero, 
which, as in earlier analysis, induces further analysis, by including variables to control for 
specific provincial level characteristics that may affect returns to schooling. With additional 
background variables at the provincial level included in the regressions (all models included 8 





Additional Determinants of Percentage Rate of Return to Schooling, CHNS 
 Provincial Fixed Effects Estimates 





































Log Real Per-Capita 







































































R2 0.849 0.841 0.847 0.855 0.858 0.858 0.863 0.867 0.883 
 
Note: Standard errors are presented in parentheses. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
 
The above table shows that regardless of whether these additional variables (including 
average per-capita income, mean father’s education level, and urban/rural ratio) are included 
jointly or independently, the estimated quality coefficients are largely unaffected from their 
previous estimates in Table 10. The estimated coefficient on the pupil/teacher ratio is still 
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insignificant, with the wrong sign, while expenditure per pupil is now significant at the 5% level 
regardless. In addition, the extra control variables all seem to be small and insignificant 
predictors of return to schooling, regardless of how they are entered in the regression. 
Analysis with the Chinese Household Income Project (CHIP) 
The two-stage model estimating the effects of school quality on rates of return to 
schooling is also conducted using the CHIP earnings sample. The results are reported in this sub-
section. The estimation results are compared to those from earlier analyses. Note that with the 
CHIP dataset, the metro dummies utilized by the CHNS sample are not available; hence, the 
analysis reverted to using urban residence as a control variable.10 Descriptive statistics of the 
variables are presented in Table 12, with mean statistics for married men and women sub-
samples displayed as well. 
The estimated rates of return to schooling and their standard errors for each province and 
cohort are presented in Table 13. As before, the hourly wage rate is calculated based on 
information from the CHIP dataset, and the natural logarithm of hourly wage is the dependent 
variable in the first-stage regression. Experience, experience squared, ethnicity, marriage, party, 
urban, and gender serve as the exogenous variables. Then, as previously done, regional dummies 
and province-schooling interactions (11 interaction terms for 11 provinces in this case) for each 
province are added to the first-stage regression.  
 
  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
10In the CHIP sample, Hukou is almost identical to Urban (more than 90% correlated), as a result of the 




Descriptive Statistics for Variables, CHIP 
Variables All Married Men Married Women 
Log Hourly Wage 1.2468 (0.8493) 1.3467 (0.8154) 1.3051 (0.7957) 
Schooling 10.3889 (3.2070) 10.1888 (3.2512) 10.5835 (3.2051) 
Experience 15.6281 (10.8749) 17.8207 (10.9345) 17.7894 (9.1843) 
Experience2 362.4916 (371.9059) 437.1203 (398.226) 400.7933 (325.2917) 
Ethnicity 0.9593 (0.1977) 0.9613 (0.1929) 0.9650 (0.1839) 
Urban 0.6651 (0.4720) 0.6313 (0.4825) 0.8190 (0.3850) 
Gender 0.6035 (0.4892) … … 
Party 0.2302 (0.4210) 0.3051 (0.4605) 0.2019 (0.4015) 
Marriage 0.8309 (0.3748) … … 
Dpchildren … … 0.6141 (0.5963) 
Beijing 0.0733 (0.2606) 0.0649 (0.2464) 0.0858 (0.2800) 
Shanxi 0.0852 (0.2792) 0.0956 (0.2941) 0.0799 (0.2712) 
Liaoning 0.0928 (0.2901) 0.0949 (0.2931) 0.0849 (0.2787) 
Jiangsu 0.1079 (0.3102) 0.1072 (0.3094) 0.1190 (0.3238) 
Anhui 0.0799 (0.2711) 0.0826 (0.2752) 0.0644 (0.2456) 
Henan 0.1001 (0.3001) 0.1054 (0.3071) 0.0927 (0.2901) 
Hubei 0.0943 (0.2922) 0.0928 (0.2902) 0.0961 (0.2948) 
Guangdong 0.1089 (0.3116) 0.0922 (0.2894) 0.1073 (0.3096) 
Sichuan 0.1333 (0.3400) 0.1410 (0.3481) 0.1338 (0.3405) 
Yunnan 0.0704 (0.2559) 0.0656 (0.2476) 0.0833 (0.2764) 
Gansu 0.0540 (0.2260) 0.0578 (0.2333) 0.0528 (0.2236) 
Region1* 0.2656 (0.4416) 0.2644 (0.4410) 0.2699 (0.4439) 
Region2* 0.3826 (0.4860) 0.3764 (0.4845) 0.3332 (0.4714) 
Region3* 0.3513 (0.4774) 0.3593 (0.4798) 0.3969 (0.4893) 
N 13971 7134 4454 
 
Note: Numbers in parentheses denote standard deviations. 
 
*Region1 acts as the reference category and is ignored in the regression. In addition, the only difference on variable 
definition between CHIP and earlier datasets is region dummies, again comprised of different sets of provinces: 
region1 includes Sichuan, Yunnan, and Gansu; region2 includes Shanxi, Anhui, Henan, and Hubei; and region3 
includes Beijing, Liaoning, Jiangsu, and Guangdong. Hence, to avoid redundancy, a separate table describing 
variable definitions is not constructed in this case with the CHIP analysis. For reference on other variables, please 
refer to Table 2. 
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Note that the CHIP has more observations than the other datasets. The 2002 wave alone 
contains more observations than the previous two combined datasets (13971 for CHIP and 7001 
for CGSS). With fewer provinces surveyed (11 provinces for CHIP, compared with 26 provinces 
for CGSS), the increased number of observations in each province in the CHIP dataset allows the 
estimated rates of return to schooling to be even more precisely determined than the other two 
datasets. All provinces in the first three cohorts have standard errors equal to or less than 1%.  
 
Table 13 
Estimated Percentage Rates of Return to Schooling by Province and Cohort, CHIP 
 
Estimated Rates of Return to Schooling for Cohort Born in 
1946-1955 1956-1965 1966-1975 1976-1985 
Beijing 7.31 (0.81) 9.77 (0.68) 11.08 (0.95) 10.77 (1.60) 
Shanxi 4.91 (0.97) 6.85 (0.68) 8.78 (0.86) 6.57 (1.94) 
Liaoning 4.78 (0.86) 5.99 (0.72) 9.02 (0.95) 8.28 (1.62) 
Jiangsu 6.33 (0.85) 7.83 (0.72) 10.00 (0.97) 7.83 (1.72) 
Anhui 6.22 (0.93) 6.91 (0.69) 9.21 (0.94) 6.82 (1.73) 
Henan 5.04 (0.97) 6.63 (0.68) 8.59 (0.91) 5.90 (1.83) 
Hubei 6.10 (0.94) 7.68 (0.67) 9.26 (0.83) 6.40 (1.71) 
Guangdong 10.43 (0.86) 11.66 (0.74) 14.04 (0.99) 10.16 (1.66) 
Sichuan 7.15 (0.94) 6.43 (0.67) 8.55 (0.92) 9.34 (2.28) 
Yunnan 9.55 (1.00) 7.70 (0.65) 9.48 (0.90) 8.85 (2.47) 
Gansu 6.22 (0.95) 6.09 (0.73) 6.41 (0.93) 7.73 (2.36) 
Mean 6.73 (0.92) 7.60 (0.69) 9.49 (0.92) 8.06 (1.90) 
 
Note: Standard errors are presented in parentheses. 
 
Although the estimated rates of return generally follow the same patterns as those 
presented before, those for the cohort born in 1976-1985 do differ, being generally lower than 
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those estimated earlier and with standard errors ranging from 1.6% to almost 2.5%. This unusual 
discrepancy could be due to this cohort’s closer proximity to the survey year (2002) than the 
previous datasets. Individuals born between 1976 and 1985 would have barely entered the labor 
market in the survey year, 2002. Younger workers have lower wages and the measured rate of 
return to schooling would therefore also be lower.  
A second explanation for the lower estimates for the 1976-1985 cohort lies with the large 
number of rural workers in the CHIP dataset for this group. The reason why there are so much 
more rural workers among the youngest cohort in the CHIP dataset is because urban workers 
have greater schooling and their entry into the labor force is delayed because of this, something 
that does not happen for the rural workers. Since the average return to schooling tends to be 
much lower for rural residents than for their urban counterparts, the extra sample of rural 
workers distorts the analysis. In the CHIP 2002 dataset, the overall worker sample included 9113 
valid urban values and 4679 valid rural values. However, for the youngest cohort (born in 1976 
to 1985, there are 778 urban observations compared with 1343 rural observations. The skewed 
urban-rural composition may therefore have resulted in the lower returns to schooling estimates 
among the youngest cohort for this dataset.  
Table 14 presents second-stage regression results using the estimated rates of return from 
the first-stage that are presented in Table 13 as the dependent variable. All second-stage models 
are estimated by weighted least squares, using the inverse sampling variances of the estimated 
returns as weights. The first set of models, presented in column 1-4, includes only quality 
variables and cohort variables, while the second set of models, in column 5-9, includes a set of 
10 unrestricted province effects by including 10 province dummies (province dummy for Beijing 




Determinants of Percentage Rate of Return to Schooling, CHIP 
 Excluding Provincial Fixed Effect Including Provincial Fixed Effects 






































































R2 0.256 0.280 0.363 0.367 0.878 0.879 0.880 0.880 0.749 
 
Note: Standard errors are presented in parentheses. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
 
The model in column 1 includes only cohort dummies and they alone explain about 26% 
of the variance (weighted) in returns to schooling. The two quality variables are introduced 
independently into the regression model in columns 2 and 3, and are jointly included in column 4. 
Individually, log of expenditure per pupil is strongly correlated with returns to schooling, with a 
t-statistic of 2.57. The estimated coefficient on the pupil/teacher ratio has the expected sign but is 
found to be insignificant at the 5% level, with a t-statistic of 1.14. Similar to earlier results, when 
both quality variables are entered jointly in column 4, both coefficients decreased in absolute 
value, albeit with the expected direction of effects.  
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The second set of models, which introduces provincial fixed effects with the CHIP 
dataset, provide rather surprising results. When entered individually in column 6 and 7, the 
estimated coefficients of the two quality variables both change to the wrong sign and at the same 
time are statistically insignificant. When the two quality variables are included jointly (in column 
8), although the estimated coefficient of the pupil/teacher ratio reverts to the expected sign, it is 
still statistically insignificant. These results may be due to the issue raised earlier regarding the 
lack of representation of the younger cohort.  
To provide some crude evidence on whether the low estimated rates of return for the 
youngest cohort caused the problem, separate regressions that include provincial fixed effects but 
exclude cohort effects are conducted. The results show that when all four cohorts are included, 
the estimated coefficient of log of expenditure per pupil is significantly negative at -1.27, with a 
t-statistic of -3.37; however, if only observations from the first three cohorts are included in the 
regression (excluding the youngest cohort), the estimated coefficient on expenditure per pupil 
reverts to positive at 1.30, and with a t-statistic of 1.62. A similar and even stronger effect is 
found for the pupil/teacher ratio variable: when including all four cohorts, the estimated 
coefficient on the pupil/teacher ratio is 1.51, with a t-statistic of 0.35; when cohort four is left out, 
the coefficient switches to the expected sign at -12.98, with a t-statistic of -3.50.  
Next, when provincial level background variables are added into the regression equations, 
results presented in Table 15 show that the estimated coefficients of the school quality variables 
are largely unaffected, and remain insignificant. None of the added provincial level predictors 
has a significant effect on returns to schooling, and their inclusion does not seem to change the 
estimated coefficients of the quality variables from their estimates in Table 14, either in sign or 
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magnitude. Both coefficients on the quality variables remain statistically insignificant (although 
the problems with the youngest cohort remain here as well). 
 
Table 15 
Additional Determinants of Percentage Rate of Return to Schooling, CHIP 
 Provincial Fixed Effects Estimates 
 1 2 3 
Pupil/Teacher Ratio/100 -0.79  (5.44) … 
-1.02*  
(5.78) 
Log Expenditure/Pupil … -0.36  (0.68) 
-0.79  
(0.70) 






























R2 0.935 0.931 0.938 
 
Note: Standard errors are presented in parentheses. 
 
* Denotes the variable estimate is significant at the 10% level. 
 





In sum, by analyzing three distinctive datasets on earnings, it is safe to conclude, overall, 
school quality does appear to play an important role in determining the rate of return to schooling. 
The effect of school quality as measured by expenditure per pupil is generally found to be a 
strong and statistically significant determinant of rates of return to schooling in China, as 
confirmed by analyses that use different datasets and various specifications. The magnitude of 
the impact varies by dataset, but even the estimates provided by the CHIP dataset show that 
expenditure per pupil has a significant effect on the rate of return to schooling when the youngest 
cohort is excluded from the analysis. Averaging the estimated effects across datasets would 
suggest that a 10% increase in expenditure per pupil is associated with at least a 0.2% increase in 
the rate of return to schooling.  
On the other hand, as measured by the pupil/teacher ratio, the influence of school quality 
on rates of return to schooling is less robust. Only one of the three datasets (CGSS) provides 
significant estimates for the effect of pupil/teacher ratio on the rate of return to schooling, at the 
10% significance level. While most of the results do provide estimated coefficients with the 
expected sign, the magnitude of the effect of changes in the pupil/teacher ratio is harder to pin 
down.  
Even with evidence that school quality, as measured by expenditure per pupil, appears to 
have a significant effect on the rate of return to schooling, this effect may understate the full 
impact of school quality on earnings in China. It has been suggested that school quality may 
have significantly positive effect on earnings directly. If this is the case, the previous results may 
need reinterpretation. Therefore, in the next section of the analysis, tests are conducted to 
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determine the effect of school quality as measured by log of expenditure per pupil and 
pupil/teacher ratio on the intercept of the earnings-schooling relationship. 
The Direct Effect of School Quality on Earnings 
Next in the analysis is an examination of the direct effect of school quality on earnings. 
This model, the second model described in the methodology section to establish the link between 
school quality and earnings, is also the most widely used model to study the impact of school 
quality on the earnings-schooling relationship, especially in earlier studies.  
The effect of schooling quality on earnings in this case is evaluated in a single-step 
procedure, in which the Mincer earnings equation includes not only all the variables in the first 
stage of the two-step model estimated earlier (educational attainment, experience, etc.) but 
incorporates also the direct effects of the school quality variables. Since only one equation is 
estimated, all observations from the four 10-year birth cohorts are pooled together.  
Analysis with CGSS 
The variable urban is re-introduced to account for urban-rural differences in costs of 
living, and other non-pecuniary background characteristics. Some studies on China tend to 
include Hukou registration as one of the explanatory variables for the wage equation when 
evaluating an exclusive urban sample. However, this study finds urban residence to be a better 
predictor of wages in the combined sample in the case of the CGSS dataset (the estimated 
coefficient of Hukou is 0.0738, with a standard error of 0.0247 when included independently of 
urban in specification 1). Because of multi-colliearity, Hukou and urban cannot be included 





Determinants of Log Hourly Wage, CGSS 










































































R2 0.220 0.255 0.224 0.254 
 
Note: Standard errors are presented in parentheses. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
 
Expenditure per pupil is entered in the equation in logarithm form, so that its coefficient 
is an estimate of the elasticity of hourly wage with respect to school quality. Table 16 indicates 
that by adding quality variables to the earnings-schooling relationship in specification 1, the rate 
of return to schooling is reduced by 0.6%. Since this reduction is sufficiently small, it can be 
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concluded that previous studies on return to schooling in China have not incurred major biases 
by excluding the quality component of schooling from their estimation equations. This study also 
tests for interaction of years of schooling with log of expenditure per pupil and years of 
schooling with pupil/teacher ratio, neither of which adds significance to the explanation of 
earnings; hence, they are not reported. 
Specifications 3 and 4 in Table 16 show that when school quality variables are entered 
individually, they seem to have the expected and statistically significant effects on earnings. 
However, as Specification 2 shows, when both quality indicators are entered simultaneously, the 
effects of school quality are harder to identify. This is again due to the high correlation between 
the two quality variables (-0.67), and the fact that the sample size (with only 104 quality 
observations) is not large enough to reveal both effects, echoing earlier results based on the two-
step model. 
The coefficients on both quality indicators when entered individually are significantly 
different from zero. However, as in any empirical study, possible biases involved in the 
estimation need to be considered. First, since the school quality variables are based on provincial 
averages, perhaps the biggest source of potential bias in this study arises from within-province 
heterogeneity, such as urban-rural and male-female differences. The within-province 
heterogeneity could increase the error variance of the school quality variables, and the rise in 
error variance in turn can lead to downward biased estimates of the school quality coefficients.11 
Given that within a province, rural residents are likely to receive much lower educational 
resource inputs per student per year of schooling than their urban counterparts, the province-wide 
quality measures would be less representative for any given individual if there are substantial 
proportions of provincial population in rural and urban areas, and the problem is at its worst 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
11See Johnson and Stafford (1973) for details. 
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when the proportion of rural population gets closer to 50% in a given province. Therefore, 
specifications 3 and 4 are re-estimated for coastal provinces/municipalities that experienced 
faster and greater urbanization, the results of which are presented in Table 17. 
 
Table 17 
































Pupil/Teacher Ratio -0.0167*** (0.0026) 
-0.0165*** 
(0.0033) … … 
Log Expenditure/Pupil … … 0.2533*** (0.0141) 
0.2126*** 
(0.0193) 



































R2 0.224 0.238 0.254 0.259 
 
Note: Standard errors are presented in parentheses. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
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Specifications 5 and 6 in Table 17 provide estimates of school quality on earnings for 
coastal provinces only (effectively all provinces from region 3, presented in Table 2). The 
estimated coefficients on school quality are smaller, but in the same order of magnitude as the 
estimates obtained from the entire sample. In contrast, in the two regressions for the rest of the 
provinces, which have greater rural populations, the coefficient on log of expenditure per pupil is 
0.0083 and statistically insignificant, while the coefficient on pupil/teacher ratio is -0.00077 and 
also insignificant. These last regressions are not reported here but are available from the author. 
In order to determine whether the results in this section vary by cohort group, 
specifications 7 and 8 are estimated for cohort 3 (age 39-30). The results are presented in Table 
18, with statistically significant estimated coefficients for pupil/teacher ratio and log of 
expenditure per pupil of -0.028 and 0.22, respectively. This suggests that the effects of school 
quality on earnings are particularly strong among younger cohorts.  
To further test the robustness of the findings, both cohort and provincial fixed effects are 
added to the model. As Table 19 shows, when cohort dummies are added in specifications 9 and 
12, the effects of school quality on earnings increased slightly and remained statistically 
significant. When province dummies are included as well (specifications 10 and 13), the effects 
of school quality decreased. When both cohort and provincial dummies are included, the 
estimated coefficient on pupil/teacher ratio remained significant at the 5% significance level, and 
the effect of log expenditure per pupil is estimated to be only significant at around the 10% 





































Pupil/Teacher Ratio -0.0167*** (0.0026) 
-0.0279*** 
(0.0049) … … 
Log 








































R2 0.224 0.232 0.254 0.244 
 
Note: Standard errors are presented in parentheses. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 









Additional Determinants of Log Hourly Wage, CGSS 
Independent 
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R2 0.224 0.226 0.314 0.316 0.254 0.257 0.315 0.316 
 
Note: Standard errors are presented in parentheses. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
 
The last potential source of major bias considered come from omitted variables in the 
estimation equation. If there are variables that affect earnings and are correlated with school 
quality variables, but have been excluded from the estimation equation, their exclusion may bias 
the estimates of the quality coefficients. For example, it is possible that parental education can 
affect their children’s future earnings in that more educated parents could presumably provide 
more home schooling to their children, both in time and substance, thereby increasing their 
children’s future earnings, apart from any potential parental education influence on children’s 
educational attainment levels. In addition, it seems that children with more educated parents tend 
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to have higher quality education as well. To check for omitted variable bias, father’s education is 
added to the estimation equation, and the results are displayed in Table 20. In this case, the  
 
Table 20 
Additional Determinants of Log Hourly Wage, CGSS (continued) 
Independent Variables Spec 3 




























Pupil/Teacher Ratio -0.0167*** (0.0026) 
-0.0166*** 
(0.0028) … … 
Log Expenditure/Pupil … … 0.2533*** (0.0141) 
0.2510*** 
(0.0154) 



































Father’s Education … 0.0093*** (0.0025) … 
0.0085*** 
(0.0024) 
R2 0.224 0.235 0.254 0.264 
 
Note: Standard errors are presented in parentheses. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
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correlation between pupil/teacher ratio and father’s education is -0.28, and the correlation 
between log expenditure per pupil and father’s education is 0.24. Therefore, omitting father’s 
education from the estimation equation likely will overstate the impact of school quality on 
earnings.  
As Table 20 reveals, the introduction of father’s education (specifications 15 and 16) has 
almost no effect on estimated school quality coefficients. In unreported regressions, mother’s 
education and spouse’s education are included as additional variables, and the quality 
coefficients experience minimal changes as well. 
Analysis with CHNS 
Following the analysis in the previous section, this section presents results on the direct 
effect of school quality on earnings based on the second model established in the methodology 
section but using the CHNS dataset. The choice of explanatory variables, specifically the choice 
of Hukou with a set of metro dummies follows a similar explanation to the previous estimation 
strategy with the two-step model.  
 Table 21 shows that regardless of whether school quality variables are entered 
individually or simultaneously, they seem to have the hypothesized impact on earnings. The 
estimated coefficients are all statistically significant.  
As before, to consider for possible biases involved in the simple equations estimated in 
Table 21, a variety of additional variables are added sequentially. First, to control for within-
province heterogeneity, specifications 3 and 4 are re-estimated for coastal 
provinces/municipalities (region 3 provinces from Table 7), provinces that have experienced 
faster and greater urbanization. Specifications 5 and 6 in Table 22 provide estimates of school 
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quality on earnings for coastal provinces only. The estimates are smaller, but are of the same 
order of magnitude as the estimates with the entire sample.  
 
Table 21 
Determinants of Log Hourly Wage, CHNS 
Independent Variables Spec 1 Spec 2 Spec 3 Spec 4 





















Pupil/Teacher Ratio … -0.0131*** (0.0036) 
-0.0146*** 
(0.0036) … 
Log Expenditure/Pupil … 0.2098*** (0.0248) … 
0.2143*** 
(0.0248) 

















































R2 0.192 0.206 0.195 0.204 
 
Note: Standard errors are presented in parentheses. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level.  
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In addition, to test for age cohort differences, specifications 7 and 8 are estimated for 
cohort 3 (age 39-30), the results of which are also displayed in Table 22. The estimated 
coefficient for the log expenditure per pupil variable remains strong in magnitude and is 
statistically significant. However, the pupil/teacher ratio variable is statistically insignificant (and 
has the opposite of the expected sign).  
 
Table 22 
Determinants of Log Hourly Wage, Selected Sub-Sample, CHNS 
Independent 































(0.0091) … … … 
Log 







R2 0.195 0.157 0.252 0.204 0.162 0.236 
Note: Standard errors are presented in parentheses. Other variables included in the regression are: experience, its 
square, ethnicity, gender, marriage status, Hukou registration, and metro dummies. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
 
To further test the robustness of the results for different age cohorts, an alternative 
approach is followed: cohort dummies along with province dummies are introduced in the model. 
As Table 23 illustrates, confirming the results of Table 22, the effect of the pupil/teacher ratio 




Additional Determinants of Log Hourly Wage, CHNS 
Independent 
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R2 0.195 0.211 0.227 0.239 0.204 0.214 0.231 0.241 
Note: Standard errors are presented in parentheses. Other variables included in the regression are: experience, its 
square, ethnicity, gender, marriage status, Hukou registration, and metro dummies. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
 
included, the effect of pupil/teacher ratio changes to the wrong sign. On the other hand, the effect 
of log expenditure per pupil on earnings is strong, stable and statistically significant regardless of 
whether cohort and/or province dummies are introduced. Although the effect changes as cohort 
and province dummies are added into the regression equation, the coefficient remains in the 
same order of magnitude as before. This is largely consistent with earlier results using sub-
samples of younger cohort and coastal provinces, when the coefficient on the pupil/teacher ratio 
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variable becomes insignificant with the younger cohort and estimate for expenditure per pupil 
remains at the same level of significance. 
Finally, with the correlation between pupil/teacher ratio and father’s education being  
-0.57 and the correlation between log expenditure per pupil and father’s education being 0.71, 
the omission of father’s education from the estimation equation can overstate the impact of 
school quality on earnings in the analysis so far with the CHNS dataset. Father’s education is 
added into the estimation equations but like earlier results, the introduction of father’s education 
has almost no effect on estimated school quality coefficients.12  
Analysis with CHIP 
The third dataset used to analyze the direct effect of school quality on earnings is the 
CHIP dataset. As before, both pupil/teacher ratio and expenditure per pupil are introduced as 
school quality measures. Expenditure per pupil is entered in logarithm form so that its coefficient 
is an estimate of the elasticity of hourly wage with respect to school quality.  
Table 24 reports the results of this analysis. Specifications 3 and 4 show that when 
entered individually, the school quality variables have the hypothesized impact on earnings. The 
coefficients are also statistically significant. However, as specification 2 shows, when both 
quality indicators are entered simultaneously, the pupil/teacher ratio variable is no longer 
statistically significant. This confirms the results of the earlier datasets, which show that the 
expenditure per pupil variable is consistently found to be directly connected to earnings while the 
pupil/teacher ratio variable experiences a less consistent connection to earnings, especially when 
it is introduced jointly with expenditure.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
12Refer to specifications 15 and 16 in Table B-1 in Appendix B. 
	  	  
116 
As before, the simple equations reported in Table 24 are modified to incorporate 
additional variables, depending on a variety of additional influences on earnings. First, to control 
for within-province heterogeneity, specifications 3 and 4 are re-estimated for region 3 (refer to 
Table 2) provinces that experienced faster and greater urbanization. 
 
Table 24 
Determinants of Log Hourly Wage, CHIP 
Independent Variables Spec 1 Spec 2 Spec 3 Spec 4 





















Pupil/Teacher Ratio … -0.0028 (0.0026) 
-0.0126*** 
(0.0025) … 
Log Expenditure/Pupil … 0.2060*** (0.0149) … 
0.2105*** 
(0.0143) 



































R2 0.171 0.200 0.183 0.200 
 
Note: Standard errors are presented in parentheses. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
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Specifications 5 and 6 in Table 25 provide estimates of school quality on earnings for 
coastal provinces only (region 3). The estimates are smaller (larger in absolute value for the 
estimate of effect of pupil/teacher ratio) and remain significant with the expected sign. To test for 
age cohort differences, specifications 7 and 8 are estimated for cohort 3 (age 39-30), with the 
results presented in Table 25 as well. 
 
Table 25 
Determinants of Log Hourly Wage, Selected Sub-Sample, CHIP 
Independent 





























(0.0061) … … … 
Log 







R2 0.183 0.216 0.173 0.200 0.188 0.184 
Note: Standard errors are presented in parentheses. In addition, all regression includes the usual exogenous variables 
for CHIP sample, such as experience, its square, ethnicity, gender, marriage status, urban residence, and party 
affiliation. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
 
As with previous datasets, specifications 7 and 8, which use the sample of workers in the 
30-39 age cohort, lead coefficient on the expenditure per pupil variable to be smaller but still 
statistically significant. On the other hand, the estimated coefficient on the pupil/teacher ratio 
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variable switches sign and is not statistically significant. This result implies that while the effect 
of expenditure per pupil applies to younger cohorts (albeit a smaller effect), the effect of 
pupil/teacher ratio on younger cohorts is less revealing. 
Again, a more comprehensive test that includes cohort effects and provincial fixed effects 
is conducted, with results shown in Table 26. Contrary to earlier results, the effect of  
 
Table 26 
Additional Determinants of Log Hourly Wage, CHIP 
Independent 





































(0.0038) … … … … 
Log 






























R2 0.183 0.183 0.261 0.261 0.200 0.203 0.260 0.261 
 
Note: Standard errors are presented in parentheses. In addition, all regression includes the usual exogenous variables 
for CHIP sample, such as experience, its square, ethnicity, gender, marriage status, urban residence, and party 
affiliation. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 




pupil/teacher ratio remains stable with the addition of cohort and province dummies, while the 
effect of expenditure per pupil becomes less significant (at about the 10% significance level) and 
greatly diminishes with the inclusion of cohort and provincial fixed effects.  
With the CHIP dataset, the correlation between pupil/teacher ratio and father’s education 
is -0.1159, and the correlation between log expenditure per pupil and father’s education is 0.0717. 
Although not as heavily correlated with school quality as in the previous two datasets, father’s 
education is added to the equation to test for possible bias due to omitted family background 
variables. The results are shown in Table B-2 in Appendix B. As expected, and consistent with 
earlier results, estimates from Table B-2 reveal that the introduction of father’s education 
(specifications 15 and 16) has almost no effect on the estimated school quality coefficients. 
Furthermore, in unreported regressions where mother’s education or spouse’s education are 
included as additional controls, the quality coefficients experience minimal changes as well. 
Summary 
From the above set of results, it is clear that expenditure per pupil is a variable that has a 
consistent and statistically significant positive direct effect on earnings. This conclusion is drawn 
from a model that has been analyzed using three different datasets and subjected to an array of 
robustness analyses, including adding cohort and provincial fixed effects, parental education, etc. 
The magnitudes of the effect of expenditure per pupil on earnings vary depending on the 
exact specification used. In general however, a 10% increase in expenditure per student is found 
to increase earnings in the range of 0.6% to 2.4%. In addition, although there is some evidence of 
a negative link between pupil/teacher ratio and earnings, the results for this variable are 
inconsistent across datasets and less conclusive in response to the robustness checks. 
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Apart from its effects on rate of return to schooling and directly on earnings, it has been 
suggested that school quality may even have a significant effect on education attainment. If this 
is the case, all previous results from this and the last sub-section need some reinterpretation. 
Therefore, in the next section, regression analysis is conducted to determine the effect of school 
quality as measured by log of expenditure per pupil and pupil/teacher ratio on the quantity of 
education. 
Endogeneity Analysis: Quality as a Determinant of Quantity of Education 
The first two models, results of which have just been presented, have concentrated on the 
effect of schooling on earnings through its influence on the slope (rate of return to schooling) and 
the intercept (direct level effect) of the earning-schooling relationship. As analyzed in the 
methodology section, an additional channel through which school quality may influence earnings 
is its impact on educational attainment. To test this proposition, the school quality variables 
(expenditure per pupil is again in a logarithm form) are added to a list of 
background/environmental variables that influence educational attainment, such as ethnicity, 
gender, urban residence, party affiliation, experience, and so on. In addition, father’s education is 
added to control for the possibility of omitted ability bias. Unlike the first model, but similar to 
the second model, this third model is estimated using a pooled sample from the four 10-year 
cohorts. 
As Table 27 shows, the two quality variables are included in the regressions 
independently.13 The regressions are carried out first without the cohort dummies, the results of 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
13A specification where both quality variables are jointly included is not reported, since it has been 
hypothesized and determined that such an approach does not make enough economic sense; in addition, this 
proposition has been econometrically disproved in the above analyses on school quality effects on earnings and 
return to schooling. 
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which are presented in columns 1 and 4. While pupil/teacher ratio is not a significant predictor 
for years of schooling, the coefficient of log expenditure per pupil is significantly different from 
zero at the 5% significance level. This implies that on average, a doubling of expenditure level is 
predicted to increase education attainment by about half a year. 
 
Table 27 
Determinants of Years of Schooling, CGSS 
 1 2 3 4 5 6 




(1.66) … … … 
Log Expenditure/Pupil … … … 0.46*** (0.057) 
0.70*** 
(0.065) 
0.13   
(0.25) 
Cohort Dummies 
Included No Yes Yes No Yes Yes 
Province Dummies 
Included No No Yes No No Yes 
R2 0.309 0.320 0.346 0.316 0.329 0.346 
 
Note: Standard errors are presented in parentheses. Each regression equation also includes experience and its square, 
marriage dummy, ethnicity dummy, urban residence dummy, gender dummy, party dummy, and father’s education 
level.  
 
*** Denotes the variable estimate is significant at the 1% level. 
 
When cohort dummies are included in the regressions, results presented in columns 2 and 
5 in Table 27 show that the effects of both quality variables become stronger and more 
significant, especially the effect of pupil/teacher ratio on years of schooling. However, contrary 
to Card and Krueger (1992), if province dummies are further added into the regression, the 
estimated quality coefficients decreased to zero and became statistically insignificant. This seems 
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to suggest that variation in years of schooling in China can be explained by variables that vary by 
region (such as income per-capita), and that once these provincial differences are taken into 
account, the impact of differences in school quality on educational attainment lose their 
significance.14 
A similar procedure is used to examine the impact of school quality on educational 
attainment using the CHNS dataset, where the independent variables included also ethnicity, 
gender, Hukou registration, experience, its square, and a set of metro dummies. In addition, 
father’s education is introduced to control for the possibly omitted ability bias. As before, the 
third model is estimated using a pooled sample from the four 10-year cohorts, with years of 
schooling as the dependent variable and school quality variables as additional control variables. 
 The results from this model are presented in Table B-3 (in appendix B), and again 
provide insignificant effects, although the coefficients of the school quality variables show 
unexpected signs, with an increase in pupil/teacher ratio and a decrease in expenditure per pupil 
predicted to increase years of schooling.  
Finally, to test the proposition that school quality may affect education attainment for the 
CHIP dataset, quality variables again are added to a list of environmental variables, in this 
instance, ethnicity, gender, urban residence, party affiliation, and experience and its square. In 
addition, father’s education is once again included to control for the possibly omitted ability bias.  
As Table 28 shows, the two quality variables are included in the regressions 
independently, and the estimated coefficients are statistically significant regardless of whether 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
14A two-stage method, similar to the first model could also be utilized in estimating the effect of school 
quality on education attainment. In the first stage, a set of province dummies are included together with the usual co-
variants, and the estimated coefficients of the province dummies are then regressed upon the quality variables, and a 
set of other provincial level control variables in a similar fashion to the previous estimation on return to schooling. 




cohort and province dummies are included in the regression. However, the inclusion of cohort 
and province dummies does depress the effect of pupil/teacher ratio on schooling attainment. The 
effect of log expenditure per pupil is strong in magnitude also: a doubling of expenditure level is 
predicted to increase education attainment by about 0.6 to 0.7 years. This set of results is the 
strongest of all three datasets, since earlier results from CGSS and CHNS provide estimated 
effects of the two quality variables on education attainment that are shown to be generally 
insignificant. However, the results are still weaker with the addition of province dummies. 
 
Table 28 
Determinants of Years of Schooling, CHIP 








(1.68) … … … 






Included No Yes Yes No Yes Yes 
Province Dummies 
Included No No Yes No No Yes 
R2 0.184 0.188 0.198 0.181 0.191 0.198 
Note: Standard errors are presented in parentheses. Each regression equation also includes experience and its square, 
marriage dummy, ethnicity dummy, urban residence dummy, gender dummy, party dummy, and father’s education 
level.  
 
** Denotes the variable estimate is significant at the 5% level. 
 





In sum, without controlling for cohort and provincial fixed effects, the impacts of school 
quality on education attainment are found to be strong and significant. However, once cohort and 
provincial fixed effects are accounted for in the regressions, the impact of school quality on years 
of schooling diminishes.  
The same set of analysis is carried out for male and female sub-groups. However, the 
estimated results for either group follow the exact same pattern as the overall sample, in that both 
quality effects are estimated to be insignificant for men and women with the CGSS and CHNS 
datasets, while significant for both gender groups with the CHIP dataset. The conflicting results 
again suggest that further studies need to be conducted before any concrete conclusion regarding 
the relationship between quality and quantity of education can be drawn in China.15 
Reduced-Form Estimates  
The fourth model estimated is a reduced-form model that includes school quality 
variables as determinants of earnings but at the same time excludes educational attainment as an 
explanatory variable. As hypothesized earlier, school quality, as measured by pupil/teacher ratio 
and expenditure per pupil, could be highly correlated with educational attainment. Since the 
reduced-form wage equation is not conditioned on educational attainment, school quality effects 
therefore incorporate any impact of school quality on education attainment. In more detail, the 
quality coefficients reflect both the direct effect of school quality on earnings and any indirect 
effect of school quality on earnings via its effect on years of education (and/or its coefficient). 
Table 29 presents the results of this analysis with the CGSS dataset. 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
15Separate regression outputs for men and women are not reported since they do not significantly contribute 




Determinants of Log Hourly Wage, Reduced-Form Estimates, CGSS 








(0.43) … … … 






Included No Yes Yes No Yes Yes 
Province Dummies 
Included No No Yes No No Yes 
R2 0.082 0.086 0.139 0.127 0.134 0.202 
 
Note: Standard errors are presented in parentheses. Each regression equation also includes experience and its square, 
marriage dummy, ethnicity dummy, urban residence dummy, gender dummy, and party affiliation dummies.  
 
* Denotes the variable estimate is significant at the 10% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
 
As Table 29 shows, the two school quality variables, pupil/teacher ratio and expenditure 
per pupil (in logarithm form) are included in the regressions independently of each other. The 
estimated coefficients are especially sensitive to the inclusion of province dummies. Results in 
columns 2 and 5 show that the omission of cohort dummies underestimates the quality effects in 
terms of both pupil/teacher ratio and log of expenditure per pupil. However, when provincial 
fixed effects are introduced into the regression equation, the impacts of school quality are largely 
diminished, albeit still significant at the 10% significance level. In addition, the results from 
column 3 and 6 are also slightly larger than the estimates in Table 19 (-0.81 to -0.75 for 
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pupil/teacher ratio, 0.075 to 0.070 for log expenditure per pupil), as expected, because the quality 
estimates from the reduced-form model that excludes the years of schooling variable should in 
theory incorporate both the level effect on earnings and the indirect effect on earnings through its 
influence on educational attainment. 
For the CHNS dataset, as Table 30 shows, the impact of log expenditure per pupil 
remains statistically significant and increases with the inclusion of cohort and provincial fixed 




Determinants of Log Hourly Wage, Reduced-Form Estimates, CHNS 
 1 2 3 4 5 6 
Pupil/Teacher 
Ratio/100 




0.63   
(0.58) … … … 
Log 








Included No Yes Yes No Yes Yes 
Province Dummies 
Included No No Yes No No Yes 
R2 0.101 0.102 0.139 0.108 0.109 0.141 
 
Note: Standard errors are presented in parentheses. Each regression equation also includes experience and its square, 
marriage dummy, ethnicity dummy, Hukou registration dummy, gender dummy, and metro dummies.  
 
** Denotes the variable estimate is significant at the 5% level. 
 




On the other hand, the estimation results using the CHIP dataset are very similar to the 
set of CGSS results, Table 31 shows that the estimated effects of the two quality variables have 
increased with the inclusion of cohort dummies, and then decreased when provincial fixed 
effects are further added to the regressions. However, both estimated coefficients remain 
significant at the 5% level. 
 
Table 31 
Determinants of Log Hourly Wage, Reduced-Form Estimates, CHIP 
 1 2 3 4 5 6 




(0.32) … … … 






Included No Yes Yes No Yes Yes 
Province Dummies 
Included No No Yes No No Yes 
R2 0.102 0.103 0.185 0.124 0.130 0.184 
 
Note: Standard errors are presented in parentheses. Each regression equation also includes experience and its square, 
marriage dummy, ethnicity dummy, urban residence dummy, gender dummy, and party dummy.  
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
 
Overall, results from the reduced-form model largely follow results presented earlier. The 
slightly larger estimates of the impact of school quality on earnings obtained from the reduced-
form model seem consistent with the theory suggesting that school quality affects labor market 
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earnings directly as well as through its impact on educational attainment. Since the first two-
stage model determines that school quality (specifically expenditure per pupil) impacts earnings 
through its effect on return to schooling, and the estimation results from the second model 
suggests that school quality also has a significant direct effect on earnings, this set of estimates 
from the reduced-form model further solidifies the richness of the links between school quality 
and labor market earnings. 
The Impact of School Quality on Male and Female Earnings 
The next and last step in this analytics section involves running regressions by gender 
groups and determining whether quality plays a different role in earnings for either gender sub-
group. Furthermore, the women sample may have been subjected to a self-selection bias problem, 
which is then accounted for by the Heckman correction method. 
Up to this point, all analyses have focused on an entire sample comprised of both gender 
groups. The dummy variables included in all four models to account for gender differences 
uniformly show a large and significant effect on the earnings-schooling relationship. This section 
goes further into the analysis of gender by carrying out separate analyses for the samples of men 
and women. The goal is to evaluate and compare the effects of school quality on earnings 
between these two groups. 
Almost all studies examining the school quality effect on earnings have focused 
exclusively on the male sample. The primary reason for avoiding women is that due to sharply 
lower labor force participation rates, the female worker sample may not be randomly selected 
and therefore is not representative of the overall female population. If the working women 
sample is selected, then the estimates in the uncorrected regression for women may be biased 
because some potential factors affecting women’s participation in the workforce may also cause 
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their labor market earning to be high or low. In order to adjust for this potential bias, this 
dissertation adopts the Heckman’s (1979) two-step method to address the problem of non-
randomness in the sample of working women. The first step involves estimating the probability 
of employment in a sample that includes the employed and the non-employed; the second step 
uses estimates of the probability of employment for each person from the first step and 
introduces them as a variable in the wage equation for the sample of workers. 
As outlined in the methodology section, one of the identification conditions of the 
Heckman model is that at least one variable not included in the wage equation be included in the 
selection equation. In this study, a variable representing the number of dependent children in the 
household is added to achieve identification.16 Therefore, the choice of this identifying variable 
necessitates limiting the sample to including only married women; for comparison purposes, the 
male sample focuses primarily on married men as well. 
Effectively, the entire analyses based on the three datasets could be replicated for male 
and female groups, but to avoid redundancy, some of the tables representing results by gender 
groups that are not crucial to the analysis are moved to Appendix B.  
The Effects of School Quality on the Rate of Return to Schooling, by Gender 
 Table 32 reports the second-stage results of the two-stage Card-Krueger model for 
males from the CGSS dataset. The estimated coefficient of the pupil/teacher ratio is of the 
expected sign but is not statistically significant. The coefficient on the expenditure per pupil 
variable is positive and statistically significant, although it becomes less significant (at about the 
10% level) when province dummies are included in the regression in column 6. When additional 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
16Although China implements a One-child policy, this policy was enacted in 1979, affecting only the latter 
cohorts. There are notable exceptions also for rural couples, ethnic minorities, and couples who are both only 
children themselves. In addition, the policy is not strictly enforced in many of the country’s rural areas, and many 
families evaded the policy, in spite of paying considerable penalties. 
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control variables are included in the regression to account for differences in provincial 
backgrounds, the estimates from Table 32 are largely unaffected and these results are not 
reported here. The estimated effects of pupil/teacher ratio are still insignificant for men, while 
expenditure per pupil continues  
  
Table 32 
Determinants of Percentage Rate of Return to Schooling, Male, CGSS17 
 Excluding Provincial Fixed Effect Including Provincial Fixed Effect 








Expenditure/Pupil … … 
1.35***  
(0.42) … … 
2.27*  
(1.37) 

































R2 0.040 0.058 0.132 0.474 0.483 0.492 
 
Note: Standard errors are presented in parentheses.  
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
 
17Refer to Table B-4 in Appendix B for first-stage results on the percentage rates of return to schooling by 
province and cohort for the male sample. 
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to exert a significantly positive (about 10%) effect on returns to schooling, regardless of the 
inclusion of other control variables.18 
Table 33 presents the results for women from the CGSS dataset. Since the nationally-
stipulated retirement age for women is 55 in China, around half of the female individuals in the 
first cohort (1946-1955) would have retired by 2005, assuming the same number of individuals 
born in any given year. As a result, the number of valid female observations in the first cohort 
has been greatly reduced. This problem is confounded by the fact that the first-stage regression 
requires separate cohort regressions, each with a full set of province-education interactions, 
further thinning out the available observations. Since the CGSS is the most expansive dataset in 
this study that covers all but five provincial level administrative divisions in China, the first 
cohort does not have enough valid working women observations for each province to generate 
meaningful results. Therefore, in the study of CGSS women sample, observations from the first 
cohort are dropped as a response to the aforementioned data problem (this problem does not 
emerge in the other two datasets). 
Estimates from the female sample in the CGSS, after correcting for selection bias, show 
that the impact of school quality is strong in magnitude and statistically significant. The effects 
seem enlarged when province dummies are included in the regression, and are much greater than 
the quality effects estimated for the overall sample. 
Additional analysis is carried out, with the inclusion of additional background variables 
at the provincial level in the analysis, but the results do not change substantially.19  
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
18Refer to Table B-5 in Appendix B. 
 





Determinants of Percentage Rate of Return to Schooling, Female, CGSS, Heckman Corrected 20 
 Excluding Provincial Fixed Effect Including Provincial Fixed Effects 










… … 1.66*** 
(0.50) 
… … 5.89*** 
(2.25) 
Cohort2**** … … … … … … 
Cohort3 0.12    
(0.79) 
-1.11   
(0.88) 
-0.37   
(0.75) 

















R2 0.203 0.275 0.304 0.558 0.603 0.612 
 
Note: Standard errors are presented in parentheses. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
 
****Since the dummy for the cohort born 1946-1955 was dropped from the regressions, the second cohort dummy 
for 1956-1965 acted as the reference category. 
 
In sum, using the CGSS dataset, the estimated effect of expenditure per pupil on the rate 
of return to education is found to be positive and statistically significant for both (married) men 
and women. On the other hand, the impact of the pupil/teacher ratio on the rate of return to 
schooling is not statistically significant for the sample of married men, but it is for married 
women, even after controlling for selection bias. The estimates for women are also much larger 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
 
20Refer to Table B-6 in Appendix B for first-stage results on the percentage rates of return to schooling by 
province and cohort for CGSS sample of women. 
	  	  
133 
than those of men (5.89 to 2.27 for expenditure per pupil), and the results are robust to the 
inclusion of additional control variables.  
Using CHNS, Table 34 presents the end results of the two-step Card-Krueger analysis, 
showing the determinants of the rate of return to schooling for males. The results in Table 34 are 
very similar to the estimates for the entire sample, displayed in Table 10: the estimated effect of 
the pupil/teacher ratio for men is not statistically significant if accounting for cohort and  
 
Table 34 
Determinants of Percentage Rate of Return to Schooling, Male, CHNS 21 
 Excluding Provincial Fixed Effect Including Provincial Fixed Effects 
 1 2 3 4 5 6 
Pupil/Teacher Ratio/100 … -8.08 (15.13) … … 
-0.28 
(14.11) … 
Log Expenditure/Pupil … … 0.66 (0.95) … … 
2.78**  
(1.36) 
Cohort2 -0.33  (0.71) 
































R2 0.127 0.132 0.141 0.762 0.762 0.799 
 
Note: Standard errors are presented in parentheses.  
 
** Denotes the variable estimate is significant at the 5% level. 
 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
21Refer to Table B-8 in Appendix B for first-stage results on percentage rates of return to schooling by 
province and cohort for CHNS sample of men. 
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provincial fixed effects. The estimates for log expenditure per pupil for men also experience a 
similar pattern to the overall sample, insignificant with cohort effects and significant and larger 
with provincial fixed effects included. 
Additional variables are added for robustness purposes. Although the pupil/teacher ratio 
variable continues to have an insignificant effect on the rate of return to schooling for men, the 
estimated coefficient for expenditure per pupil is robust to the inclusion of additional control 
variables with provincial fixed effects.22 In addition, when compared to the overall sample, the 
estimate for expenditure per pupil for men is of the same order of magnitude as the estimate for 
the overall sample. 
For the CHNS women sample, Tables B-11 and B-12 in Appendix B show that the 
conclusion about the male sample can be applied to the female group from the CHNS dataset as 
well.23 The only notable difference is that the estimated effect of log expenditure per pupil on 
return to schooling is much larger (more than twice) than the estimates for the overall sample 
(and for the male sample as well) after correcting for possible selection bias. 
Table 35 shows the results using the CHIP male sample,24 which are similar to the other 
two datasets in that the estimated effect of pupil/teacher ratio on return to schooling is 
insignificant, while the effect of log expenditure per pupil is significant (at the 10% level) with 
or without province dummies. Additional control variables are added but the results in Table 34 
are largely not affected by their inclusions.25 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
22Refer to Table B-9 in Appendix B for details. 
 
23First-stage results on percentage rates of return to schooling for women for the CHNS sample are 
displayed in Table B-10 in Appendix B. 
 
24Refer to Table B-13 in Appendix B for first-stage results on the CHIP sample of men. 
 




Determinants of Percentage Rate of Return to Schooling, Male, CHIP 
 Excluding Provincial Fixed Effect Including Provincial Fixed Effects 
 1 2 3 4 5 6 
Pupil/Teacher Ratio/100 … -11.52    (11.41) … … 
4.68    
(10.05) … 
Log Expenditure/Pupil … … 1.70***  (0.50) … … 
2.34*  
(1.28) 

































R2 0.212 0.232 0.391 0.792 0.793 0.813 
 
Note: Standard errors are presented in parentheses.  
 
* Denotes the variable estimate is significant at the 10% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
 
The estimated impacts of school quality on the rate of return to schooling among women 
using the CHIP dataset are displayed in Table 36, which shows that the estimated quality effects 
for women are not statistically significant and have the opposite of the expected signs. This result 
is in line with results from the overall CHIP sample (refer to Table 14). The problems with the 
CHIP sample are noted earlier and any inferences drawn should be viewed with caution.  
Again, these results, albeit insignificant, are robust to the inclusion of other provincial 





Determinants of Percentage Rate of Return to Schooling, Female, CHIP, Heckman Corrected 26 
 Excluding Provincial Fixed Effect Including Provincial Fixed Effects 








Expenditure/Pupil … … 
-0.21  
(0.87) … … 
-2.33 
(1.90) 

































R2 0.080 0.114 0.082 0.692 0.693 0.707 
 
Note: Standard errors are presented in parentheses.  
 
* Denotes the variable estimate is significant at the 10% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
 
Overall, in comparing all three sets of estimates on men and women, it can be deduced 
that while the estimated coefficients for pupil/teacher ratio are not statistically significant for 
either men or women, expenditure per pupil exerts a positive and significant effect on return to 
schooling for men. The magnitude of this is very similar to the estimates from the overall sample. 
In comparison, if results drawn from the CHIP sample are ignored (for reasons outlined earlier), 
the estimated effects of expenditure per pupil on return to schooling for women are also 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
26Refer to Table B-15 in Appendix B for first-stage results on CHIP sample of women. 
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consistently significant. However, it is important to note that the magnitude of the effect for 
women is estimated to be much larger than that for men or for the overall sample (at least two 
times larger) after correcting for selection bias.  
The Direct Effect of School Quality on Earnings 
While a previous section examines the results of the two-step Card-Krueger model 
uncovering the impact of school quality on rates of return to schooling by gender, this section 
reports the results of the one-equation model that estimates the direct impact of school quality on 
earnings, again by gender. The results from the three different datasets are tabulated and 
analyzed below, beginning with the CGSS dataset. 
As Table 37 shows, the overall married sample (Columns 1 and 5) provides slightly 
lower estimates on return to school quality when compared to the total samples discussed earlier. 
However, the returns to school quality for married women are much larger than for married men, 
especially the return to pupil/teacher ratio, the estimate of which for women is twice as large as 
the estimate for the entire sample (-0.030 to -0.015), and more than three times larger than that 
for men in absolute value (-0.030 to 0.0086).  
The results just reported are unadjusted for potential sample selection bias, a problem that 
has been discussed earlier. Estimates in Columns 4 and 8 show that the Heckman corrected 
quality estimates for married women are slightly smaller, but still appear to be in the same order 








Determinants of Log Hourly Wage, CGSS 
Male and Female Comparison (Married Sample Only) 
Independent 

































































(0.0053) … … … … 
Log 
























Gender 0.2115*** (0.0201) … … ... 
0.2166*** 
(0.0198) … … … 






























R2 0.217 0.177 0.240 … 0.241 0.198 0.262 … 
 
Note: Standard errors are presented in parentheses. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 




Table 38 shows that when estimated with the CHNS samples, the married sample 
(Specifications 1 and 5) provides slightly lower estimates on school quality and return to 
schooling than that for the overall sample. However, returns to school quality for women are 
larger than for men. The pupil/teacher ratio effect on earnings is insignificant for married women, 
but the estimated effect of log expenditure per pupil for women is larger than that for men (0.22 
to 0.20).  
While the Heckman corrected estimate of return to pupil/teacher ratio is still insignificant, 
the Heckman corrected estimate for the effect of log expenditure per pupil is larger than its 
uncorrected version (0.29 to 0.22). The same occurred with the years of schooling estimate; after 
controlling for selection bias, the effects of both years of schooling and schooling quality in 
terms of log expenditure per pupil for women go up. These results are consistent with the 





Determinants of Log Hourly Wage, CHNS 
Male and Female Comparison (Married Sample Only) 
Independent 
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Log 
























Gender 0.2198*** (0.0194) … … … 
0.2259*** 
(0.0193) … … … 




























































R2 0.195 0.151 0.226 … 0.203 0.151 0.239 … 
 
Note: Standard errors are presented in parentheses. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
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For the CHIP dataset, the estimation results are displayed in Table 39. Consistent with 
earlier datasets, the married sample (Specifications 1 and 5) provides slightly lower estimates on 
school quality and return to schooling. Again, the rate of return to pupil/teacher ratio for married 
women is much larger than for married men (-0.021 to -0.007), while the return to log 
expenditure per pupil for married women is much smaller than for married men (0.19 to 0.27). In 
addition, the Heckman corrected quality estimates for married women are almost the same as 
before. 
Similar to the analysis with the overall sample, the estimates for men and women are also 
subject to robustness tests. Specifications are re-estimated with cohort dummies and provincial 
fixed effects, which, as before, also tend to reduce the impact of the school quality variables on 
earnings, depending on the gender and the dataset.27  Since, when estimated with the overall 
sample, the coefficients on log expenditure per pupil on earnings are significant across all three 
datasets, the weaker results across gender groups when cohort and provincial effects are added 
suggest that the more limited and reduced number of observations (married men and married 
women samples) could be the source of the problem. 
  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  




Determinants of Log Hourly Wage, CHIP 
Male and Female Comparison (Married Sample Only) 
Independent 
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Log 
























Gender 0.1206*** (0.0157) … … … 
0.1288*** 
(0.0156) … … … 






























R2 0.174 0.149 0.175 … 0.191 0.174 0.182 … 
 
Note: Standard errors are presented in parentheses. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 




Quality as a Determinant of Quantity 
The effects of school quality on schooling attainment for sub-groups of men and women 
are not very different from the one estimated with the overall sample. Hence, the regression 
results are not reported in this study. Please refer to Chapter VI for details. 
Summary 
Overall, the estimates of the effect of school quality on the rate of return to schooling, 
and the estimates of the direct impact of school quality on earnings by gender indicate that 
school quality is an important determinant of labor market outcomes for both men and women. 
However, the impact appears to be stronger for the log expenditure per pupil variable, which 
seems to play an important role in determining return to schooling for both men and women. 
Consistent with estimates for the overall sample, pupil/teacher ratio is a weak determinant of 
earnings either directly or through its effect on return to schooling.  
The generally higher estimates for women could be attributed to the fact that women jobs 
are more influenced by school quality than jobs for men. Therefore, this finding could encourage 
future research into examining the effect of school quality on earnings by sector of employment. 
In addition, effectiveness is often higher when the base is lower, which could certainly be 
applied to school quality for women.  
However, this result for male and female sub-samples should be interpreted with caution 
because regressions including both cohort and provincial fixed effects provide much weaker 






SUMMARY AND CONCLUSIONS 
 
Educational expenditures account for over one-sixth of public sector expenditures in the 
developing world, and even higher in China as the government begins to emphasize the 
importance of education. Recently, this emphasis has shifted from expanding access and 
increasing attainment to improving the quality of education. Yet, surprisingly little is known 
about the returns to investments in school quality. 
In response to this shortcoming, this study has used data from China to examine the 
economic effects of school quality. The estimates presented in this dissertation have provided 
new evidence that the quality of schooling affects earnings, especially in a major country such as 
China. In general, the extensive econometric examination of the economic effects of school 
quality carried out in this dissertation using three different datasets have found that workers 
educated in provinces with better-quality schooling have significantly higher earnings and rates 
of return to schooling than those educated in provinces with low-quality schools, holding other 
things constant. Although the evidence is necessarily non-experimental, the findings in this study 
seem consistent with a causal interpretation of the role of school quality. Furthermore, the 
balance of the results suggests that increased expenditure per pupil in schools workers attended 
when they were at school age are closely connected to higher rates of return to schooling and 
higher earnings in general, for both men and women.  
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In addition, the findings are robust to a variety of specifications. In the first place, the 
results are based on statistical models that controlled for differences across provinces and cohort 
groups in the overall level of earnings and in rates of return to schooling. Second, the analysis 
controls for differences in the rates of return to schooling earned by current residents in different 
regions of the country. Third, there are additional controls introduced for parental education and 
other background variables, and sample selection adjustments.  
Summary of Results 
In this dissertation, an empirical assessment has been carried out of the importance of 
school quality in terms of educational expenditure per pupil and pupil/teacher ratio in 
determining the future earnings potential of individuals. As noted by Betts (1996a), studies 
utilizing observations of older individuals (typically 30 and above) at an aggregate level tend to 
find significant positive effect of school quality on earnings, while studies of younger individuals 
(32 and under) tend to conclude that school quality has no effect on future earnings. The results 
from this dissertation support these conclusions, as cohort effects have indeed been analyzed.  
The effect of school quality on earnings has been estimated through its impact first on the 
rate of return to schooling. The most representative dataset, namely the CGSS dataset with 26 
available provinces, have provided convincing results that both quality indicators have a 
significant effect on the rate of return to schooling. Although the results from the CHNS dataset 
suggested that the pupil/teacher ratio might play an insignificant role in determining returns to 
schooling, the estimated coefficient on the more general quality variable, expenditure per pupil, 
is consistently significant across various datasets. This result should be viewed with confidence 
because the model specification is comprehensive, in the sense that both provincial fixed effects 
and cohort effects are controlled for in the regression equation. Furthermore, despite adding to 
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the equations a set of family background and other provincial level environmental variables on 
top of province and cohort dummies, the results are largely unaffected. Therefore, it is safe to 
conclude that the estimated effect of school quality, at least in terms of expenditure per pupil, on 
the rate of return to schooling is robust and accurate. 
In addition to investigating the effects of school quality on the rate of return to education, 
this study has also examined the direct effect of school quality on earnings. It has been shown 
that log expenditure per pupil has a direct impact on earnings, while the results for the other 
quality variable, pupil/teacher ratio, is less consistent across three datasets. Disaggregation of the 
sample into various subgroups, such as coastal provinces and younger cohorts, has revealed the 
same general impact of quality on earnings. More importantly, using the underlying principle to 
find out whether the results are robust, cohort and provincial dummies are added into the 
regression to more thoroughly eliminate the inter-cohort and inter-province differences that 
might have been erroneously attributed to differences in quality across cohorts and provinces. 
The results from this analysis still reveal the same general impact of quality on earnings, 
although the effects of log expenditure per pupil on earnings are smaller in magnitude.  
Also, a reduced-form analysis that excluded the education variable from the general 
estimation equation have provided results that are again consistent with a significant impact of 
school quality not only on the average earnings of the students when they are in the labor market 
but also their rates of return to education.  
Finally, in studying the impact of school quality by gender groups, it has been found that 
the effects of school quality, in terms of its effects on rate of return to schooling, are much larger 
for women than for men, after possible selection bias is addressed. However, school quality in 
this case again appears to be significant mostly when measured by the expenditure per pupil 
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variable; the estimated effects of pupil/teacher ratios on both rates of return to education and 
wages are largely insignificant.  
The mixed results regarding the effect of pupil/teacher ratio on the earnings-schooling 
relationship are somewhat consistent with literature, and one explanation in the case of China 
could be that in rural areas where school quality is low, classes tend to have smaller size, while 
in urban areas, where school quality is generally higher, one could see much fuller classes. This 
scenario, which is quite prevalent in China, contradicts the often-perceived notion that smaller 
class size is associated with higher quality in schools. 
Furthermore, although education expenditure has been ever increasing in China for the 
past few decades, this increased spending have gone to increase teacher salaries rather than to 
reduce class size. This could also be a reason why the increased education expenditure has not 
translated into a reduction in class size. 
In sum, in almost all specifications, the impact of expenditure per pupil has been shown 
to be statistically significant at conventional levels of confidence. The magnitude of its impact 
varies by dataset and is depending on the specific variables included in the analysis, but the 
results have been consistent throughout. The results are therefore consistent with the view that 
increased education spending per student in China’s educational system would generate a 
significant payoff to the economy in the form of greater future labor productivity.  








Summary of Key Findings of School Quality Effects 



















































































































… … 0.075* 
(0.039) 
… … 
CHNS 0.63  
(0.58) 









Note: Standard errors are presented in parentheses. All estimates are derived from specifications including both 
cohort and provincial fixed effects. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 






Since this is the first study that examines the impact of school quality on earnings in 
China, where school quality data shortage is well documented, the various datasets used in this 
study are subject to several drawbacks. 
First, as pointed out by Heckman et al. (1996), in order to eliminate a possible correlation 
between school quality variables and labor market forces, the ideal way to identify school quality 
effect on earnings with an aggregate dataset is by looking at the earnings of individuals who 
were observed working in one place but were educated in another, and this migration of worker 
across state (or in this case provincial) borders has to be random. The datasets available for 
China, however, lack migrants. In fact, over 95% of the surveyed population are non-migrants. 
Therefore, the identification of school quality effects in this study rested on eliminating inter-
provincial differences (and inter-cohort differences, for that matter) that might have been 
wrongly attributed to differences in quality across province and cohort by introducing province 
and cohort dummies and a set of provincial level background variables.  
An advantage of using survey data, on the other hand, is the availability of family and 
social background variables that could be correctly assigned to individuals to account for 
possible omitted variable bias involved. In addition, using migrants to examine school quality 
issues is difficult because migration in China tends to be in the form of rural-urban migration, 
which is clearly driven by economic or other social motives, and hence could in no way be 
random.  
Another major challenge with using survey data with aggregate quality averages is the 
insufficient number of valid observations in each cohort and province. Even after combining 
adjacent waves in the CHNS and CGSS studies, the number of observations by province and 
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cohort has been hardly adequate in many cases to provide meaningful results, especially when 
the datasets have to be further disaggregated into different gender groups. 
As noted throughout this study, since quality averages do not differentiate between urban 
and rural populations, it is possible that the results are skewed towards the urban population 
mean, and hence are not representative of the overall sample. This problem is aggravated by the 
fact that although the survey data available for this study contained an almost equal number of 
rural/urban observations, it does not contain enough observations for rural dwellers who 
participate in off-farm working. Furthermore, quality variables have been calculated by dividing 
the whole population in a province, and the majority of the provinces, especially in earlier years, 
were comprised of overwhelmingly more rural population than urban population. In this sense, 
quality averages when matched with earnings data could introduce some bias because they are 
matched in large part with urban observations on earnings when they should have represented 
largely rural dwellers. However, this problem is mitigated by the fact that education resources 
are distributed disproportionally in China. Although with a large number of population, rural 
residents receive a smaller fraction of education resources than their urban counterparts in terms 
of per pupil expenditure in education. 
In addition, the determinants of the earnings equation for rural residents could be very 
different from their urban counterparts in China. The majority of rural residents specialize in 
farm-work or other low-skill sectors of production, and their returns to schooling are markedly 
lower when compared with urban residents. Furthermore, since rural residents work in 
agriculture that ensures a steady income stream, their reservation wages for entering non-farm 
work could be high, implying another selection problem. Therefore, it is always advisable to 
conduct research on either the urban or rural population alone; a combination of the two samples 
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can lead to substantial bias in estimates. This dissertation has tried to at least partially control for 
urban/rural differences by introducing an urban residence dummy (in the case of CHNS, a more 
detailed residence type dummy, together with Hukou registration records). It has been shown 
throughout this study that variables controlling for residence types are overwhelmingly 
significant and quantitatively important in determining earnings, hence validating the above issue. 
Finally, since quality variables have been extracted from a number of statistical 
publications and have been computed according to provinces and self-designed cohorts, they 
could very well be subject to measurement errors.  
Discussions 
Despite its shortcomings, it is hoped that this first study on the effects of school quality 
on labor market outcomes in China will entice other academics to carry out the research to find 
the more detailed data in order to produce more comprehensive analyses of this topic. In more 
detail, this dissertation lays the groundwork for future studies on the possible impacts of 
increased school resources on labor market achievements, especially when looking at school 
quality in higher education levels, such as secondary and post-secondary levels, which this study 
ignored. Furthermore, since data shortage is likely to hamper studies of school quality at the 
national level for the foreseeable future, it is perhaps advisable to reduce the scope of any future 
empirical analysis in China to a more restricted area, such as a province or a city, where quality 
data is more obtainable.  
This study has shown that improved school quality at primary school level can lead to 
higher labor market earnings. This positive effect of school quality is in addition to the long-
established impact of education attainment at the primary school level. In light of this finding, it 
is possible that the overall impact of education on labor market performances has been 
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underestimated in the case of China, and any policy intervention aimed at improving education 
that has been based on the perceived economic return to the quantity component of education 
alone is thus insufficient. Therefore, the results from this study suggest that the government 
needs to increase education spending, at least at primary schools (until further studies have been 
conducted incorporating other schooling levels), in response to the newly discovered impact of 
the quality component of education. 
So far it has been determined in the return to education literature that the rates of return to 
schooling attainment are the highest at primary school and higher education levels in China. 
Since economic resources are always scarce, it is necessary for any economic investment, 
including investment in education to be tied to its perceived future returns. However, given the 
positive impact of the quality side of education, which has been omitted thus far, the total return 
to education (quality and quantity) at each education level could perceivable change once future 
research are conducted at other schooling levels, resulting a shift in education strategy. 
Furthermore, this dissertation studies exclusively the impact of budgetary expenditure in 
education. Although this is a reasonable given China runs a public education system, after the 
1990s, extra-budgetary expenditures started to make significant contribution to the overall 
education funding pool. Even at the primary school level, more and more schools started to look 
for new sources of outside funding, as government regulation policies relaxed. Therefore, future 
studies may need to consider this additional funding source in their research of school quality. 
As mentioned throughout this dissertation, Cultural Revolution could have played an 
adverse role on education, as evidenced by some of the low rates of return to schooling for the 
second birth cohort. However, the impact of Cultural Revolution on education has not been a 
focus of the present study, as it complicates the already complex problem of adding school 
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quality into the earnings-schooling mix, which first needs untangling. In addition, it has been 
shown in the literature that the evidence of effects of Cultural Revolution on education is still 
inconclusive; therefore it is reasonable to leave Cultural Revolution and its effect on school 
quality to another study in the future. 
Finally, apart from studying the impacts of school quality at other schooling levels, future 
research could also examine the effect of school quality on earnings observed in different 
employment sectors. Since it has been shown in this study that quality estimates for women are 
generally higher than men after correcting for selection bias, it could be argued that school 
quality may have larger influence on earnings in employment sectors that traditionally hire more 
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Coding and Computation of Provincial Level Background Indicators 
Used Throughout This Study 
Urban Rural Ratio 
The urban/rural ratio is calculated by dividing the number of urban population by the 
number of rural population in a province. The numbers of urban and rural populations are 
available in the China Compendium of Statistics, for years 1949 to 2008. This ratio is firstly 
calculated each year from 1952 to 1991, covering all the years that the designed cohorts (1946 to 
1985) might have attended school. Then, in a similar fashion to the way the quality averages are 
calculated, an average of urban/rural ratio is calculated over 6 years that each cohort year went to 
primary school. Lastly, the 6-year averages are further averaged over the 10-year cohort period 
for each corresponding cohort. 
GRP per Capita 
Gross Regional Product per capita is calculated by dividing GRP over the total 
population in any given year and province. Both GRP and population figures are available each 
year for every Chinese provinces in the China Compendium of Statistics 1949-2008. GRP figures 
are firstly adjusted by provincial CPIs (also available in the Compendium) into 2005 price, in a 
similar fashion to wage rate. Then the next step involves computing a cohort average in the same 
way as urban/rural ratio was computed. 
Father’s Mean Education Level 
Parental education levels are available in the survey datasets. Following the same 
procedure to computing individual years of schooling: no schooling = 0 year, primary school = 6 
years, junior secondary school = 9 years, senior secondary school = 12 years, technical school = 
12 years, associate college degree = 14 years, college degree = 16 years, and master degree or 
above = 19 years, the first step involves converting education levels into years. Then parental 
education in years is averaged out by province and cohort, by first calculating the total years of 
schooling for all fathers/mothers, and then dividing the total by the number of fathers/mothers in 
the same province and cohort. The values are then assigned to each individual belonging to the 







Appendix B lists all the tables that have been mentioned in the main text, yet not 
presented in the main text to preserve the flow of analysis. 
 
Table B-1. Additional Determinants of Log Hourly Wage, Cont., CHNS 
Independent Variables Spec 3 Spec 15 Father Education Spec 4 
Spec 16 
Father Education 







Pupil/Teacher Ratio -0.0146*** (0.0036) 
-0.0172*** 
(0.0037) … … 
Log Expenditure/Pupil … … 0.2143*** (0.0248) 
0.2213*** 
(0.0287) 
Father Education … 0.0287*** (0.0063) … 
-0.0035 
(0.0072) 
R2 0.195 0.198 0.204 0.204 
Note: Standard errors are presented in parentheses. Other variables included in the regression are: experience, 
its square, ethnicity, gender, marriage status, Hukou registration, and metro dummies. 
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 








Table B-2. Additional Determinants of Log Hourly Wage, Cont., CHIP 
Independent Variables Spec 3 Spec 15 Father Education Spec 4 
Spec 16 
Father Education 







Pupil/Teacher Ratio -0.0126*** (0.0025) 
-0.0128*** 
(0.0025) … … 
Log Expenditure/Pupil … … 0.2105*** (0.0143) 
0.2144*** 
(0.0142) 
Father Education … 0.0396*** (0.0039) … 
0.0409*** 
(0.0039) 
R2 0.183 0.192 0.200 0.209 
Note: Standard errors are presented in parentheses. In addition, all regression includes the usual exogenous 
variables for CHIP sample, such as experience, its square, ethnicity, gender, marriage status, urban residence, 
and party affiliation. 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 











Table B-3. Determinants of Years of Schooling, CHNS 








(2.06) … … … 
Log Expenditure/Pupil 














No No Yes No No Yes 
R2 0.337 0.368 0.372 0.319 0.368 0.371 
 
Note: Standard errors are presented in parentheses. Each regression equation also includes experience and its square, 
marriage dummy, ethnicity dummy, residence dummies, gender dummy, Hukou dummy, and father’s education 
level.  
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 















Table B-4. Estimated Percentage Rates of Return to Schooling by Province and Cohort  
Male, CGSS 
 
Estimated Rates of Return to Schooling for Cohort Born in 
1946-1955 1956-1965 1966-1975 1976-1985 
Beijing 6.74 (2.09) 11.07 (1.36) 11.47 (1.24) 13.21 (1.80) 
Tianjin 3.67 (2.14) 6.76 (1.46) 9.59 (1.24) 10.53 (1.59) 
Hebei 16.66 (2.52) 10.10 (1.55) 11.30 (1.32) 7.69 (2.02) 
Shanxi 8.35 (3.34) 8.18 (2.09) 8.81 (1.81) 4.92 (4.25) 
Inner Mongolia 9.05 (3.25) 6.86 (2.44) 11.55 (1.80) 6.49 (3.17) 
Liaoning 4.10 (2.67) 5.95 (1.66) 6.63 (1.37) 8.40 (2.08) 
Jilin 10.15 (2.69) 5.07 (2.24) 7.01 (1.48) 6.67 (2.59) 
Heilongjiang 15.38 (3.51) 7.02 (2.03) 8.17 (1.53) 2.74 (2.38) 
Shanghai 9.02 (1.83) 12.46 (1.41) 12.68 (1.42) 16.31 (1.77) 
Jiangsu 9.02 (1.97) 9.84 (1.53) 9.60 (1.29) 11.81 (1.78) 
Zhejiang 8.87 (2.48) 13.62 (1.73) 12.09 (1.46) 13.10 (2.12) 
Anhui 12.21 (2.57) 7.92 (1.68) 10.39 (1.44) 7.92 (2.20) 
Fujian 12.77 (3.34) 8.85 (1.60) 8.25 (1.39) 10.42 (2.13) 
Jiangxi 12.25 (2.84) 7.14 (1.98) 10.74 (2.05) 5.95 (2.37) 
Shandong 3.96 (2.28) 7.70 (1.50) 9.93 (1.32) 9.08 (1.75) 
Henan 9.12 (2.29) 8.39 (1.66) 7.59 (1.30) 3.73 (2.17) 
Hubei 6.01 (2.71) 7.37 (1.75) 10.35 (1.46) 8.24 (2.28) 
Hunan 11.29 (2.97) 10.34 (1.68) 9.94 (1.40) 4.24 (2.53) 
Guangdong 6.10 (1.97) 9.34 (1.46) 9.96 (1.21) 12.50 (1.85) 
Guangxi 11.75 (3.56) 7.53 (1.76) 9.15 (1.83) 6.66 (2.52) 
Sichuan 6.09 (3.06) 6.06 (2.09) 10.23 (1.56) 6.22 (2.33) 
Guizhou 5.22 (3.18) 8.47 (2.14) 9.98 (1.60) 10.05 (2.62) 
Yunnan 8.42 (3.03) 8.97 (1.99) 9.66 (1.58) 6.95 (2.43) 
Shaanxi 8.36 (2.99) 8.07 (1.79) 9.49 (1.40) 7.82 (2.36) 
Gansu 6.71 (3.59) 7.65 (2.07) 8.90 (1.80) 3.39 (3.35) 
Xinjiang 12.88 (3.52) 9.02 (2.24) 8.93 (1.81) 6.51 (2.48) 
Mean 9.01 (2.78) 8.45 (1.80) 9.71 (1.50) 8.14 (2.34) 
 




Table B-5. Additional Determinants of Percentage Rate of Return to Schooling  
Male, CGSS 
 Provincial Fixed Effects Estimates 
 1 2 3 4 5 6 7 8 







(10.42) … … … … 







Father Education -0.29 




(0.36) … … 
0.08 
(0.40) 
Log Real Per-Capita 
















R2 0.488 0.493 0.492 0.500 0.493 0.502 0.498 0.507 
Note: Standard errors are presented in parentheses. All regressions include 3 cohort dummies. None of the estimates 




Table B-6. Estimated Percentage Rates of Return to Schooling by Province and Cohort  
Female, Heckman Corrected, CGSS 
 Estimated Rates of Return to Schooling for Cohort Born in 
1956-1965 1966-1975 1976-1985 
Beijing 11.24 (2.03) 13.95 (1.47) 12.10 (2.77) 
Tianjin 6.34 (2.10) 10.03 (1.74) 10.24 (2.65) 
Hebei 17.68 (4.00) 11.03 (2.48) 7.67 (3.40) 
Shanxi 15.22 (5.01) 9.35 (2.69) 5.01 (4.34) 
Inner Mongolia 11.99 (5.09) 14.05 (2.86) 5.20 (4.41) 
Liaoning 5.71 (2.55) 7.57 (1.72) 8.13 (3.00) 
Jilin 10.01 (2.88) 9.64 (2.15) 0.86 (3.88) 
Heilongjiang 10.62 (3.32) 11.44 (2.17) 8.93 (3.48) 
Shanghai 13.87 (2.63) 15.36 (1.91) 14.01 (2.40) 
Jiangsu 11.06 (2.52) 11.87 (1.71) 10.05 (2.69) 
Zhejiang 12.86 (4.05) 14.02 (2.04) 11.82 (3.19) 
Anhui 13.82 (3.86) 10.63 (2.30) 6.07 (3.88) 
Fujian 7.35 (2.53) 9.96 (2.03) 9.43 (3.00) 
Jiangxi 14.60 (3.87) 8.98 (2.52) 6.85 (3.84) 
Shandong 6.79 (2.50) 11.36 (1.60) 8.73 (2.74) 
Henan 12.80 (4.37) 8.59 (2.32) 4.84 (3.53) 
Hubei 12.65 (2.90) 11.04 (2.29) 7.29 (3.85) 
Hunan 14.19 (3.79) 10.41 (2.46) 5.77 (3.71) 
Guangdong 10.29 (2.89) 11.33 (1.70) 10.71 (2.76) 
Guangxi 15.94 (4.52) 10.05 (2.53) 4.66 (4.02) 
Sichuan 17.68 (5.84) 10.39 (2.63) 1.52 (4.53) 
Guizhou 15.66 (4.98) 12.20 (2.47) 4.99 (3.55) 
Yunnan 17.62 (5.49) 12.53 (2.68) 2.11 (4.00) 
Shaanxi 16.76 (4.77) 10.53 (2.76) 1.66 (4.02) 
Gansu 12.71 (3.90) 10.45 (2.37) 2.63 (3.73) 
Xinjiang 14.93 (4.84) 10.90 (2.91) 2.75 (4.01) 
Mean 12.71 (3.74) 11.06 (2.25) 6.69 (3.51) 




Table B-7. Additional Determinants of Percentage Rate of Return to Schooling  
Female, CGSS 
 Provincial Fixed Effects Estimates 
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(0.67) … … 
0.11  
(0.70) 
Log Real Per-Capita 
Income … … 
3.58   
(2.86) 
2.74   
(3.03) … … 











R2 0.610 0.614 0.615 0.626 0.612 0.619 0.615 0.621 
 
Note: Standard errors are presented in parentheses. All regressions include 2 cohort dummies.  
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
 
Table B-8. Estimated Percentage Rates of Return to Schooling by Province and Cohort  
Male, CHNS 
 
Estimated Rates of Return to Schooling for Cohort Born in 
1946-1955 1956-1965 1966-1975 1976-1985 
Liaoning 6.25 (1.36) 5.52 (1.12) 7.44 (1.35) 8.32 (3.01) 
Heilongjiang 8.93 (1.43) 9.57 (1.22) 9.42 (1.18) 7.97 (2.73) 
Jiangsu 8.04 (1.47) 6.53 (1.20) 10.35 (1.33) 8.18 (2.74) 
Shandong 7.11 (1.47) 5.83 (1.19) 6.86 (1.38) 6.13 (2.83) 
Henan 8.36 (1.62) 8.26 (1.34) 7.35 (1.38) 6.70 (2.47) 
Hubei 7.14 (1.63) 8.97 (1.38) 8.67 (1.29) 7.92 (2.57) 
Hunan 9.46 (1.40) 9.33 (1.34) 11.28 (1.24) 10.05 (2.32) 
Guangxi 5.37 (1.85) 6.04 (1.41) 7.93 (1.39) 6.02 (2.69) 
Guizhou 11.02 (2.84) 10.46 (2.62) 9.82 (2.27) 4.42 (4.39) 
Mean 7.96 (1.67) 7.83 (1.42) 8.79 (1.42) 7.30 (2.86) 
 
Note: Standard errors are presented in parentheses. 
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Table B-9. Additional Determinants of Percentage Rate of Return to Schooling  
Male, CHNS 
 Provincial Fixed Effects Estimates 










(20.06) … … … … 
Log 













(0.34) … … 
0.22 
(0.36) 
Log Real Per-Capita 
















R2 0.763 0.767 0.762 0.769 0.802 0.802 0.799 0.807 
 
Note: Standard errors are presented in parentheses. All regressions include 3 cohort dummies.  
 
** Denotes the variable estimate is significant at the 5% level. 
 
Table B-10. Estimated Percentage Rates of Return to Schooling by Province and Cohort 
Female, Heckman Corrected, CHNS 
 Estimated Rates of Return to Schooling for Cohort Born in 
1946-1955 1956-1965 1966-1975 1976-1985 
Liaoning 7.28 (2.59) 5.79 (1.58) 17.49 (3.86) 16.05 (4.76) 
Heilongjiang 14.49 (7.57) 20.87 (4.87) 26.82 (8.10) 19.32 (6.17) 
Jiangsu 8.22 (3.95) 10.38 (2.70) 23.22 (5.19) 19.23 (5.15) 
Shandong 3.48 (3.19) 5.38 (1.65) 20.80 (5.26) 15.01 (5.15) 
Henan 9.53 (6.66) 14.64 (3.62) 21.06 (6.52) 17.34 (6.37) 
Hubei 9.92 (7.15) 16.72 (4.41) 26.96 (8.87) 18.79 (7.36) 
Hunan 11.93 (7.53) 15.46 (3.31) 21.46 (5.78) 19.92 (5.70) 
Guangxi 11.63 (7.91) 15.16 (4.32) 26.10 (9.14) 21.33 (7.92) 
Guizhou 11.73 (4.65) 12.62 (5.27) 20.72 (8.72) 24.74 (9.50) 
Mean 9.80 (5.69) 13.00 (3.53) 22.74 (6.83) 19.08 (6.45) 
Note: Standard errors are presented in parentheses. 
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Table B.11. Determinants of Percentage Rate of Return to Schooling  
Female, Heckman Corrected, CHNS 
 Excluding Provincial Fixed Effect Including Provincial Fixed Effects 
 1 2 3 4 5 6 
Pupil/Teacher Ratio/100 … -18.30 (29.22) … … 
2.97  
(25.67) … 
Log Expenditure/Pupil … … 2.24    (2.92) … … 
6.28*  
(3.52) 
Cohort2 1.08    (1.81) 
0.35    
(2.16) 
1.27    
(1.84) 
1.46*   
(0.87) 















Cohort4 10.39*** (2.61) 
8.09*    
(4.52) 






0.73    
(4.56) 
R2 0.585 0.590 0.592 0.929 0.929 0.938 
 
Note: Standard errors are presented in parentheses.  
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 













Table B-12. Additional Determinants of Percentage Rate of Return to Schooling  
Female, CHNS 
 Provincial Fixed Effects Estimates 
 1 2 3 4 5 6 7 8 






(35.76) … … … … 











(0.84) … … 
0.58 
(0.73) 
Log Real Per-Capita Income … … 7.38*** (2.48) 
7.87*** 












R2 0.930 0.935 0.950 0.958 0.942 0.942 0.957 0.963 
 
Note: Standard errors are presented in parentheses. All regressions include 3 cohort dummies.  
 
* Denotes the variable estimate is significant at the 10% level. 
 
** Denotes the variable estimate is significant at the 5% level. 
 















Table B-13. Estimated Percentage Rates of Return to Schooling by Province and Cohort 
Male, CHIP 
 Estimated Rates of Return to Schooling for Cohort Born in 
1946-1955 1956-1965 1966-1975 1976-1985 
Beijing 7.26 (0.92) 8.43 (0.88) 11.93 (1.78) 0.89 (13.33) 
Shanxi 5.29 (1.09) 6.01 (0.87) 6.33 (1.29) 8.08 (20.42) 
Liaoning 4.10 (0.95) 4.68 (0.93) 9.65 (1.62) 5.12 (13.66) 
Jiangsu 5.45 (0.93) 6.05 (0.91) 10.38 (1.60) -1.16 (12.53) 
Anhui 6.03 (1.05) 6.12 (0.88) 7.16 (1.42) 9.70 (10.78) 
Henan 5.22 (1.11) 5.54 (0.86) 6.26 (1.35) -2.47 (15.45) 
Hubei 6.00 (1.07) 6.38 (0.84) 6.26 (1.22) 11.81 (18.15) 
Guangdong 8.95 (0.96) 9.42 (0.94) 15.10 (1.67) 5.55 (12.27) 
Sichuan 7.13 (1.08) 6.55 (0.84) 9.72 (1.52) 22.65 (20.78) 
Yunnan 9.06 (1.17) 7.40 (0.81) 11.02 (1.48) 34.28 (32.29) 
Gansu 6.52 (1.08) 6.18 (0.93) 8.29 (1.51) 20.98 (19.42) 
Mean 6.45 (1.04) 6.61 (0.88) 9.28 (1.50) 10.49 (17.19) 
 
















Table B-14. Additional Determinants of Percentage Rate of Return to Schooling  
Male, CHIP 
 Provincial Fixed Effects Estimates 










(10.07) … … … … 
Log 













(0.34) … … 
0.22 
(0.36) 
Log Real Per-Capita 
















R2 0.763 0.814 0.796 0.817 0.802 0.837 0.819 0.839 
 
Note: Standard errors are presented in parentheses. All regressions include 3 cohort dummies.  
 
* Denotes the variable estimate is significant at the 10% level. 
 













Table B-15. Estimated Percentage Rates of Return to Schooling by Province and Cohort 
Female, Heckman Corrected, CHIP 
 
 Estimated Rates of Return to Schooling for Cohort Born in 
1946-1955 1956-1965 1966-1975 1976-1985 
Beijing 8.27 (1.85) 10.30 (1.84) 10.97 (2.22) 1.89 (5.29) 
Shanxi 2.52 (2.04) 8.17 (1.65) 10.49 (1.23) 14.41 (7.94) 
Liaoning 6.93 (1.96) 6.53 (1.95) 7.66 (2.27) 6.63 (5.03) 
Jiangsu 8.89 (1.99) 9.10 (1.98) 10.13 (2.25) 4.37 (4.97) 
Anhui 7.42 (2.20) 8.23 (1.68) 10.49 (1.36) 11.41 (5.30) 
Henan 5.39 (2.21) 7.94 (1.66) 10.18 (1.43) 14.35 (7.74) 
Hubei 6.54 (2.08) 9.18 (1.64) 11.44 (1.31) 17.39 (7.19) 
Guangdong 13.98 (1.96) 13.83 (1.86) 14.26 (2.38) 8.94 (4.67) 
Sichuan 6.16 (2.05) 5.30 (1.70) 6.77 (1.31) 14.97 (5.49) 
Yunnan 8.15 (2.17) 6.89 (1.71) 7.91 (1.21) 20.94 (8.24) 
Gansu 4.97 (2.09) 4.75 (1.83) 4.50 (1.33) 11.11 (5.24) 
Mean 7.20 (2.05) 8.20 (1.77) 9.53 (1.66) 11.49 (6.10) 
 
Note: Standard errors are presented in parentheses. 
 
Table B-16. Additional Determinants of Percentage Rate of Return to Schooling  
Female, CHIP 
 Provincial Fixed Effects Estimates 










(16.52) … … … … 











(0.84) … … 
0.58 
(0.73) 
Log Real Per-Capita 
















R2 0.700 0.720 0.694 0.723 0.717 0.732 0.707 0.733 
Note: Standard errors are presented in parentheses. All regressions include 3 cohort dummies. 
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Table B-17. Additional Determinants of Log Hourly Wage, CGSS 

































(0.0101) … … … … 
Log 









R2 0.177 0.266 … … 0.198 0.203 … … 
 
Note: Standard errors are presented in parentheses. All regressions include additional predictor variables in years of 
schooling, experience, experience squared, urban residence dummy, party affiliation dummy, and ethnicity dummy.  
 
** Denotes the variable estimate is significant at the 5% level. 
 















Table B-18. Additional Determinants of Log Hourly Wage, CHNS 




































(0.0117) … … … … 
Log 









R2 0.151 0.266 … … 0.151 0.205 … … 
 
Note: Standard errors are presented in parentheses. All regressions include additional predictor variables in years of 
schooling, experience, experience squared, Hukou registration dummy, a set of residence dummies (metro), and 
ethnicity dummy. 
 















Table B-19. Additional Determinants of Log Hourly Wage, CHIP 




































(0.0126) … … … … 
Log 









R2 0.149 0.338 … … 0.174 0.338 … … 
 
Note: Standard errors are in presented in parentheses. All regressions include additional predictor variables in years 
of schooling, experience, experience squared, urban residence dummy, party affiliation dummy, and ethnicity 
dummy.  
 
** Denotes the variable estimate is significant at the 5% level. 
 
*** Denotes the variable estimate is significant at the 1% level. 
 
 
